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COMING EVENTS 


Sept. 13-18, SME Minerals Beneficiation Divi- 
sion, American Chemical Soc. Colloid Chem- 
istry Section, joint meeting on ‘‘Solid-Liquid 
Interphases,” Atlantic City, N. J. 


Sept. 14-17, American Mining Congress, Metal 
Mining & Industrial Minerals Convention, 
Denver. 


Sept. 17, AIME Utah Section, “Metals in 
Ramiet Engines for the Space Age,” b 
¢ ateman, Newhouse Hotel, Salt Lake 
ity. 


Sept. 17-18, 7th annual ee Meneae- 
ment Conference, sponso’ AIME, 
AIEE, ASCE, AIIE, AIChE, ASME, RE, Stat- 
ler-Hilton Hotel, Los Angeles. 


Sept. 24-26, SME Industrial Minerals and Coal 
Divisions, joint meeting, Bedford Springs, Pa. 


Sept. 25, 26, AIME Southeast Section, annual 
fall meeting, Riverside Hotel, Gatlinburg, 
Tenn. 


Sept. 26, AIME Adirondack Section, field trip 
4 Ruberoid Co. asbestos operation, Hyde 
ark, Vt. 


October, AIME Adirondack Section, field tri 
and football game, vicinity Syracuse, N. Y. 


October, AIME Lehigh Valley Section, technical 
meeting. 


Oct. 5-6, ECPD, 27th annual meeting, Wade 
Park Manor, Cleveland. 


Oct. 7-10, Rocky Mountain Assn. of Geologists, 
11th annual field conference on Cretaceous 
sedimentary section in Colorado and ad- 
jacent areas; for further information, con- 
tact the association, Denver. 


Oct. 8-10, Exploration Drilling Symposium, tri- 
sponsors colorado School of Mines, Penn- 
sylvania State University, and University of 
Minnesota; Pennsylvania State University, 
University Park, Pa. 


Oct. 12-14, Roy National Clay Conference, 
sponsored b Clay Minerals Committee Na- 
tional my of Science—N { Re- 
search oe University of Ok q 
Norman, Okla. 


Oct. 15, AIME Utah Section, “Operating Prob- 
lems Involved in Drilling, Shaft Sinking and 
Mining in the New Mexico Ambrosia Lake 
Region,” by Victor L. Stevens, Newhouse 
Hotel, Salt Lake City. 


Oct. 16-17, Illinois Mining Inst., 67th annual 
meeting, Oct. 16, Hotel Abraham Lincoln, 
Springfield, \ll.; Illinois vs Minnesota foot- 
ball game, Oct. 17, Champaign, Ill. 


Oct. 19-21, Congress, Mini Section, National 
Safety Council, Congress tel, Chicago. 


Oct. 27-29, 1959 AIME-ASME Joint Solid Fuels 
Conference, Netheriand-Hilton Hotel, Cincin- 
nati. 


Oct. 28-31, International Mining Days and 
New Mexico Mining Assn., annual meeting, 
Paso del Norte Hotel, Ei Paso, Texas 


Oct. 30-31, AIME Central Aopcteshion Sec- 
tion and West Vxswte Coal Mining Inst., 
annual meeti The Greenbrier, White Sul- 
phur Springs, - Va. 


Nov. 6, AIME Pittsburgh Section and NOHC 
Pittsburgh Section, 14th annual Off-the- 
posers eeting, Penn-Sheraton Hotel, Pitts- 
urgh 


Nov. 9-12, Society of Exploration Geophysicists, 
annual meeting, Biltmore Hotel, Los Angeles. 


Nov. 19-20, Missouri School of Mines, 5th 
Symposium on Mining Research: ammonium 
nitrate explosives, field performance, safety, 
Missouri School of Mines, Rolla, Mo. 


Dec. 4, AIME Lehigh Valley Section, ladies’ 
night. 


Dec. 5, AIME Knoxville Area Subsection, South- 
east Section, annual Christmas Party, C'est 
Bon Restaurant, Knoxville, Tenn. 


Dec. 6, 7, AIME Arizona Section, annual meet- 
ing, Speaker: J. L. Gillson; Tucson, Ariz. 


Feb. 14-18, 1960, AIME Annual Meeting, Hotel 
Statler, New York. 


Feb. 16-19, Australasian Inst. of Mini and 
Metallurgy, Symposium on Hydrometaliurgy, 
“Wet Processing of Minerals and Industrial 
Products,’ Adelaide, Australia. 


a. 9-11, American Mining Congress, Coal 
onvention, Pittsburgh. 


July 11-18, 2nd World Conference on Earth- 
uake Engineering, organized by Science 
Counc of Japan in cooperation with Japan 
of Civil Engineers, Architectural Inst. of 
jt, Seismological Soc. of Japan; Tokyo 
and Kyoto, Japan. 
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COVER Long-reach hydraulic lift rigs, illustrated on this month's cover by 
artist Herb McClure, have helped make rock bolting and scaling a simpler job. 
One underground mine in which they have been put to good use is described 
on page 899. 


PALEY REPORT 


893 Light Metals—Prediction and Performance 
e W. L. Rice 
TECHNICAL ARTICLES 


897 PCA Tries Semi-Dome Shapes for Storing Bulk Product 
e E. E. Ives and W. L. Payne 
898 Soviet Mining Machinery Shown at New York Exhibition 
899 Mining at Gaspe Copper ¢ W. G. Brissenden 
904 Pumping Solids Through a Pipeline ¢ J. Nardi 
Economy Through Design e R. J. Linney 


Geology of the Ross-Adams Uranium-Thorium Deposit, Alaska 
e E. M. MacKevett, Jr. 


Effects of Structure and Unsaturation of Collector on Soap Flota- 
tion of Iron Ores’ e S. R. B. Cooke, I. Iwasaki, and H. 8. Choi 

928 Face Ventilation for Continuous Miners e J. D. Kalasky 

932 Scandinavian Electromagnetic Prospecting e F.C. Frischknecht 


938 Nuclear Detector for Beryllium Minerals 
e T. Cantwell, H. E. Hawkes, and N. C. Rasmussen 


940 Geochemical Study of Pb-Ag-Zn Ore from the Darwin Mine, Inyo 

County, California « W. E. Hall 
DEPARTMENTS 

Personnel 

Mineral Information Section 

Manufacturers News 

Free Literature 

Reporter 

SME Bulletin Board 

Drift: Fire Away! @ Rixford A. Beals 
FEATURED ITEMS 


858 Mineral Information ¢ Books, Abstracts, Manufacturers News, 
Free Literature, Films 


941 SME Bulletin Board—Your Guide for Society News 


943 Fall Meeting Programs: Southeast Section, AIME-ASME Joint 
Solid Fuels Conference in Cincinnati 


948 News of Education and Scholarship Opportunities 


Education, Scholarships 
Around the Sections 
Personals 

Obituaries 

Professional Services 
Advertisers Index 


Mrinine Encineerine Staff, Society of Mining ~~ and AIME Officers are listed on 
the Drift page 
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..- have you considered this revolutionary machine 


Take a close look at the unique abili- 
ties of the Bucyrus-Erie wheel exca- 
vator. Perhaps it is the answer to your 
large-scale excavating, stripping and 
high-volume dirt-moving problems. 


In the coal fields for example, 
Bucyrus-Erie wheel excavators team 
up with present big shovels and make 
it possible to uncover veins previously 
too deep for practical stripping... 








thereby increasing strippable reserves 
and extending the use of present 
equipment. 


The “wheel” can deposit the un- 
stable material, normally occurring 
near the top of a mine cut bank, far 
back onto the spoil pile. The stripping 
shovel places the more stable material 
from the lower part of the bank at the 
bottom of the spoil pile where it acts 








for your operations? 


as a “buck wall,” providing protection 
against slides in the pit. 


Production can be adjusted to suit 
your requirements and the cost per 
cubic yard of material dug is lower 
than by any other method. 


For details on how a wheel excava- 
tor may be applied to your operations 
consult Bucyrus-Erie Company, South 
Milwaukee, Wisconsin, Dept 5LB. 








UP 


WHEEL EXCAVATOR 
EXTRA RANGE 


NORMAL BIG 
SHOVEL RANGE 


BUCYRUS 
ERIE § 


Bullds Better Equipment 
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T HESE items are listings of the Engineer- 
ing Societies Personnel Service inc. This 
Service, which cooperates with the national 
societies of Civil; Electrical; Mechanical; Min- 
ing, Metallurgical, and Petroleum Engineers, 
is available to all engineers, members and non- 
members, and is operated on a nonprofit basis. 
If you are interested in any of these listings, 
and ore not registered, you may apply by letter 
or resume and mail to the office nearest your 
place of residence, with the understanding that 
should you secure a ition as a result of 
these listings you will pay the regular em- 
ployment fee of 5 pct of the first year’s salary 
if a nonmember, or 4 pct if a member. Also, 
that you will agree to sign our placement fee 
agreement which will be mailed to you im- 
mediately, by our office, after receiving your 
application. in sending applications be sure 
to list the key and job number. When making 
application for a position, include 8¢ in stamps 
for forwarding application to the employer and 
for returning when possible. A weekly lletin 
of engineering positions is available oat 
a subscription rate of $3.50 per quarter or $12 

annum for members, $4.50 per quarter or 
1% per annum for nonmembers, payable in 
advance. Local offices of the Personne! Ser- 
vice are at 8 W. 40th St., New York 18; 57 Post 
St., Sen Francisco; 29 E. Madison St., Chicago 1. 


“EMP MEN AVAILABLE 


Mill Superintendent, assistant, age 31, 
married, speaks fluent Spanish. Exploration 
and construction experience for eight years 





Director of 
Australian Mineral 
Development Laboratories 
Adelaide, South Australia 


The Research & Development Labora- 
tories of the South Australian Depart- 
ment of Mines are to be reconstituted as 
the Australian Mineral Development Lab- 
oratories, and will be controlled by a 
Council representing the Mineral Indus- 
try, the Commonwealth Government and 
the Government of South Australia. 

The Laboratories are installed in mod- 
ern buildings in Adelaide and are well 
equipped for integrated mineral research, 
including analytical, mineralogical, chem- 
ical, metallurgical and chemical engi- 
neering investigations from bench to pilot 
seale. One of the prime functions of the 
Laboratories will be to perform mineral 
investigations for industry on a contract 
basis. 

Present employees number 130, includ- 
ing 75 professional officers. 

Applications are invited for the posi- 
tion of Director of this establishment. 
Duties: Responsible to the Council for 

the direction and administration of the 

Laboratories. The successful applicant 

will have considerable freedom in the 

selection of research programmes. 

Qualifications: A University degree in 
Engineering or Science. Wide experi- 
ence in mineral investigation and re- 
search. Experience in plant design and 
operation would be an _ additional 
qualification. The ability to direct and 
inspire research staff in the mineral 
development field is essential. Admin- 
istrative experience is desirable. 

Salary: Adequate salary will be fixed by 
the Council. It will be not less than 
£A4,250 per annum. Appropriate super- 
annuation benefits will be provided. 

Term: The period of appointment will be 
a matter for discussion between the 

ful appli t and the Council. 

Accommodation: The Council will assist 
the successful applicant in obtaining 
suitable accommodation. 

Removal Expenses; First-class fares and 
reasonable removal expenses to Adel- 
aide will be paid for the successful ap- 
plicant and his family. 

Applications will be treated as confi- 
dential and should be addressed to: 


Australian Embassy 
1700 Massachusetts Avenue N.W. 
Washington 6, D.C. 
Closing date: 30th September, 1959 








in South America. Available immediately; 
desires position anywhere; presently lo- 
cated in Europe. M-500. 


Mine Foreman, B.S. in mining, age 39. Was 
a miner for three years in the U. S. prior to 
graduation; spent 4% years with American 
construction company as construction fore- 
man in Bolivia. Presently working with 
geophysical company as party manager. Lo- 
cation, immaterial. M-501. 


Mining Engineer, B.Sc., age 29, married, 
no children. Three years recent underground 
production experience as mine foreman in 
South American mines; three years experi- 
ence in clerical and concentrator work. Seeks 
pee position in production, anywhere. 


Mine Superintendent or Assistant, B.Sc., 
A.R.S.M., age 30. Ten years experience in 
West Africa, Latin America, and the Philip- 
a. Speaks Spanish. Location, immaterial. 


Mining Geologist, B. S. 1936 in mining 
geology, age 48. Nineteen years experience 
in mining and exploration geology, mine 
examination, and administrative work. De- 
sires related supervisory work; would make 
a useful assistant to official or department 
head of exploration-minded mining com- 
pany. Prefers western U. S. but will con- 
sider other locations. M-504. 


Mine Superintendent, B.S. in mining engi- 
neering, age 40. Fifteen years spent in 
shrinkage stoping, top slicing, open pit, 
shaft sinking, water problems, bad ground, 
and safety programs. Speaks some Spanish 
and German. Ability to reduce costs. Loca- 
tion, immaterial. M-968-Chicago. 


Geologist, B.S. in geology. Six years ex- 
perience in mining and exploration geology 
in U. S. and Canada. Some administrative 
and planning experience. Married. Interested 
in any work in mining or associated fields. 
Prefers Midwest or East. M-972-Chicago. 


Design Superintendent—Mining, age 47, 
E.M. Licensed in Wisconsin. Two years work 
as project engineer, designing iron ore bene- 
ficiation plant; engineer-constructor. One 
year consulting experience, doing design, 
construction, and management in mining for 
consultants. Two years as general manager, 
construction rutile, mining plants. Eight 
years a plant superintendent, construction 
and operation of mining, manufacturing 
aa. $11,000. Prefers West Coast. S(M)- 


Mine Superintendent, Metallurgist, mine, 
mill, steel, E.M., age 40. For 2% years was 
assistant superintendent of mines, doing sur- 
vey, maintenance, mine and mill, mechani- 
cal design in copper sulfide and chemical 
manufacturing. Five years as mill metallur- 
gist, steel. Nine months doing survey, re- 
ports, ore dressing, mill supervision, and 
chemical manufacturing. Salary, $6000. Any 
location. Home, Colorado. S(M)-1853. 


Maintenance Superintendent, mining, man- 
ufacturing, age 34, M.E., 7% years in main- 
tenance, doing work schedules, construction, 
reports on mechanical and electrical equip- 
ment, for mining companies. One year 
power superintendent, electric operating 
company; 3% years sales application, elec- 
tric manufacturer. Salary, $800. Prefers San 
Francisco Bay area or any good climate. 
Home, Arizona. S(M)-1295. 


Superintendent, mining, tunnels, age 36, 
mining engineer. Two and one-half years 
as mine manager; supervised surface and 
underground operations, mechanization pro- 
gram, and mining company. Six years as 
shift boss, general mine foreman, assistant 
mine superintendent; underground, block 
caving operations, production, development, 
mines. Salary, $8000 to $10,000. Prefers West 
or foreign. Home, Utah. S(M)-1234. 


Geologist-Mining, age 34. One year in 
sales: mining, milling, construction ma- 
chinery manufacturer. Three and one half 
years mining geologist doing exploration, ex- 
amination of uranium, copper, nickel, silver, 
Pb-Zn, manganese, and bentonite deposits; 
surface and underground survey and map. 
Two years civil draft, roads, runways, sew- 
age, concrete and steel structures; con- 
sultants, manufacturers. Salary, $6,000. Any 
location. Home, Utah. S(M)-1132. 


Mine Engineer—Mineral Research Opera- 
tions, M., E.M., age 48. Three and one half 
years as mine engineer, supervising open pit 
mining; chemical process company. Three 
years consulting, property evaluation, base 
and precious metal hard rock. Five years 
associate professor in mining. Two years 
supervising plant and services, university 
laboratory. Four years examination, explora- 
tion, dredge operation; gold and platinum. 
Salary, $10,000. Prefers western U. S. Home, 
Colorado. S(M)-1112. 


Superintendent, Research, Chemical, Met- 
allurgical, Mining, age 48, chemical engi- 
neer. Eight years general manager research 
and development; mining and metallurgical. 
Salary, $10,000. Prefers Phoenix; will con- 
sider anywhere. Home, Arizona. S(M)-1064. 


Junior Mining Engineer, age 23, mining 
engineer. One year geophysical calculations, 
maps, field, government. One year teaching 
assistant, university laboratory. Six months 
contract miner, underground mining, sam- 
pling; phosphate. Salary, open. Any location. 
Home, California. S(M)-998. 


Mine Engineer, Geologist, mine, explora- 
tion geologist, age 32. Three years office 
geology, supervising geological research, pre- 
paring topographic maps, photos, equipment 
and supplies; major iron development, rail- 
road company. Two years mining geologist 
and engineer, doing field examination, sur- 
face and underground; tungsten. Four years 
field engineer, mine engineer, mining Pb-Zn. 
Salary, $7500. Prefers West, Alaska. Home, 
California. S(M)-891. 

(Continued on page 856) 
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THE RHODESIA BROKEN HILL DEVELOPMENT COMPANY LIMITED 
Broken Hill, Northern Rhodesia 


METALLURGICAL ASSISTANTS 


The above Mine invites applications for posts of Metallurgical Assistants to be 
trained for supervisory posts in metallurgical operations. 

Applicants should hold a degree in Metallurgy or in Chemical Engineering and be 
interested in processing methods involving concentration, leaching and electrolysis 
for the production of zinc, in acid plant operations, or in lead production covering 
mineral concentration, sinter plant operation and blast furnace operation. Applicants 
must hove at least three years practical experience. 

Commencing salary will be between £1,250 and £1,750 
qualifications and experience. There is also a cost of living allowance payable, 
amounting at present to £78 per annum. The Company has a contributory Pension 
and Life Assurance Scheme and adequate medical services. Free unfurnished mar- 
ried housing accommodation or single accommodation is available. 

On engagement the employee's fare and expenses to Broken Hill will be paid. 
Leave entitlement is between 41 and 52 days pr annum, depending on the sclary 
range, and may be accumulated over a period of three years. 
is situated in an attractive township with excellent recreational 
amenities which can be enjoyed in Rhodesia’s consistently pleasant climate. 


Applications should, in the first instance, be addressed by Air Mail to: 


The General Manager 
The Rhodesia Broken Hill Development Co., Ltd., 
P. O. Box 45 
Broken Hill, 
Northern Rhodesia 


giving details of previous training and experience. 


r annum, depending on 
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. «» The machines that revo/lutidnized 
crushing practice... are builtin a 
wide range of sizes, for capaci- 
ties to over 900 tons per hour. 
Write for descriptive literature. 


SYMONS ... a registered Nordberg trademark 
known throughout the world 


ATLANTA « CLEVELAND DALLAS « DULUTH 


..- Symbol of money and power 


The name copper is from the Greek xurpos, Cyprus, one of the early 
sources of the metal. Copper has often been called “the common man’s 
gold” —and has become a symbol of money due to its wide usage in the 
coins of many nations, as well as a symbol of power—since the greatest 
usage of copper has been as a conductor of electricity. 

While native copper is the only metal found abundantly in nature, 
commercial production is supplied chiefly from various ores of copper, 
including chalcopyrite, chalcocite, cuprite and malachite. 

Wherever these copper ores are processed—in Arizona, Chile, or the 
Belgian Congo—you’ll find Symons Cone Crushers the leading choice 
among the world’s prominent producers. For in copper . . . as in all of the 
important ore and mineral operations around the world . . . Symons Cone 
Crushers have consistently maintained their prominent position by effi- 
ciently processing large tonnages of finely crushed product at low cost. 


NORDBERG MFG. CO., Milwaukee 1, Wisconsin 


©1959, N. M. CO. cee ry 
SP ~~ 


HOUSTON + KANSAS CITY «+ MINNEAPOLIS NEW ORLEANS * NEW YORK * ST. LOUIS 


SAN FRANCISCO + TAMPA « WASHINGTON « TORONTO «+ VANCOUVER + JOHANNESBURG LONDON + MEXICO, D. F. 
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The Image of CkK.I serves the 
with QUALITY 


Tie Image of CFaI—a giant steelman— 
reflects the years of experience gained in 
developing and improving hundreds of CFal 
steel products for many industries. 


Typical of the wide range and top quality of all 
our products is CF«I’s line of steel products 
for the mining industry. CF&I has been serving 
the needs of the mining industry since 1882. 
CFalI Mining Products are fabricated from 
quality steels produced in our own mills... 
and every product is tested, controlled and 
inspected during all steps of manufacture so 
that the industry’s highest standards are met or 
exceeded. Performance has been thoroughly 
field-tested in our own mining operations as 
well as in those of our many customers. 
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CF. grinding balls 


Available in diameters from %" to 5". Made 
from high-carbon steel with the ideal hard- 
ness-toughness balance to assure optimum 
grinding ability and wearability under the 
most severe conditions involving abrasion 


CFI rock bolts uf 


and Realock metallic fabric 


CFaI expansion shell type rock bolts with 
Pattin expansion shells are available in 5%’, 

4," and 7%" bolt sizes, in lengths from 24” to 
96”. Complete line of 1” slot and wedge type 
bolts also available. Used in conjunction 
with Realock metallic fabric, CFaI Rock 
Bolts reduce need for timbering and provide 
safe, economical, permanent support. 


Complete information on each of these products 
is contained in CFal’s catalogs. Ask your 
CFal representative for them today. 





mining industry 


STEEL PRODUCTS 


CF,l grinding rods 


Available from 114" to 4” diameters in sizes 
of %" increments. Hot-rolled, machine- 
straightened, square-cut ends, made from 
special analysis steel to insure hardness for 
resistance to abrasion and bending; tough- 
ness to eliminate any premature breaking. 


CF.! screens 


Available in a wide variety of meshes, metals 
and weaves to satisfy every screening need. 
Made from the toughest steels and alloys for 
processing, cleaning, grading, filtering or 
screening applications, where resistance to 
corrosion, vibration, abrasion, fatigue or 
heat is needed. 


CF,.I mine rail and fastenings 


Available in the range from 12 to 45 pounds. 
CFal Mine Rail meets all A.R.A. specifica- 
tions. Fastenings include: splice bars, angle 
bars, spikes, track bolts and nuts (both 
square and hexagonal). 


CF.I-Wickwire wire rope 


Available in all sizes, types, constructions 
and grades—including Double Gray extra- 
improved plow steel for applications where 
extra high strength is needed. CFal-Wickwire 
Double Gray Wire Rope, made with an inde- 
pendent wire rope core, has a 15% higher 
breaking strength than the catalog breaking 
strength of improved plow steel wire 


with independent wire rope core. 


THE COLORADO FUEL AND IRON CORPORATION 
In the West: THE COLORADO FUEL AND IRON CORPORATION — Albuquerque + Amarillo - Billings - Boise + Butte + Denver 


El Paso - Ft. Worth - Houston - Kansas City - Lincoln + Los Angeles - Oakland +« Oklahoma City « Phoenix « Portland + Pueblo 
; Salt Lake City + San Francisco « San Leandro « Seattle - Spokane + Wichita 
In the East: WICKWIRE SPENCER STEEL DIVISION — Atlanta + Boston - Buffalo - Chicago - Detroit - New Orleans - New York 
Philadelphia 
CF&I OFFICE IN CANADA: Montreal STEEL. 
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THE WORKING 
FACE! 


VENTILATED 
CROSS-CUTS WILL 
NOT DO THE JOB! 


VENTILATION 


FLEXIBLE TUBING? 


GETS THE AIR TO 
THE WORKING FACE! 


| weigh far less, cost less, are easier to erect than metal 
» pipe. No. denting or rusting. NEOLON is synthetic 
rubber coated nylon — can't tear, corrode or mildew. 
Mine Vent has jute canvas base. Both are easy to couple, 
hang and store. Readily follows contour of mine wail. 


8” to 26” dia. 25’ 50’ and 100’ lengths. 


WIRE REINFORCED 
TUBING 


For pulling foul air and dust away from the working 
face. Easily installed in horizontal or vertical position. 


el Rmenican 


BRATTICE CLOTH CORP. 
WARSAW, IND. | 


330 ARGONNE RD. 








Continued 


from page 852 
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Exploration Geologist, Mining, Petroleum, 
M.A. in geologic engineering, age 30. Two 
years as staff geologist, metallic, nonmetallic 
mineral properties, industrial chemical com- 
pany; 1% years instructor, curator miner- 
alogy, university. Five years economic and 
consulting geologist, senior mine engineer, 
mining and exploration, geophysical surveys, 
placer, underground, and surface. Salary, 
$9500. Prefers U. S. and foreign. Home, 
California. S(M)-778. 


Mine Engineer, Sales—Mining, Chemical, 
mining geologist, age 35. Six years mining 
engineer, ore reserves, core analysis, reports 
on geological development and operations; 
mining and marketing sulfur. Salary, $600. 
Will consider anywhere in U. S., Canada, 
Alaska. Home, Louisiana. S(M)-895. 


“> POSITIONS OPEN 


Geologists a) Senior Geologist with con- 
siderable field and economic experience cov- 
ering metallics and nonmetallics for field 
survey work in San Juan Province of Ar- 
gentina. Salary, $1000 to $1500 a month. 
b) Junior Geologist for same project. Inter- 
views in the . S. Duration, three to six 
months, starting Sept. 1, 1959. F7718. 


Mining Engineers a) One to be concerned 
with surface plant and underground layout 
for a shaft-serviced uranium property to 
include operating mining engineering duties. 
b) One to be concerned with open pit pro- 
duction engineering duties for relatively 
large uranium property. Location, West. 
W7695. 


Junior Mining Engineer, recent graduate in 
mining engineering, 21 years or over. Aca- 
demic background in mining engineering 
techniques, soil hydraulics, methods support, 
material handling, etc. Working with ex- 
perienced engineer, the junior engineer is 
trained on various technical jobs including 
drafting, routine design, underground sur- 
veying, and mine layout. Reports to senior 
mine engineer. Salary, $475 to $525. For 
uranium mining and milling company. New 
Mexico. S(P) -4457. 


Engineers a) Geohydrologists, experienced 
in water well drilling operations. Will an- 
alyze well cuttings, advise on drilling oper- 
ations, and write reports. Salary, $15,000 
yearly. b) Office Engineer, civil engineer or 
geohydrologist with administrative experi- 
ence for duties in small central office for 
water well drilling program. Must be ex- 
perienced in water well drilling operations 
and be able to write reports. Salary, $15,000 
a year. 18-month contracts. Company pays 
transportation for employes. Location, Near 
East. F7680. 


Sales Engineer, with experience in gravity 
separation and flotation equipment, capable 
of laying out flowsheets and plant design 
and familiar with testing procedure, evalua- 
tions and initial startups. Salary, open. Lo- 
cation, eastern U. S. W7665. 


Sales Engineers, for earth moving equip- 
ment such as loaders, tractors, and dozers 
for both surface and below-ground applica- 
tions. Preference given to mining and civil 
engineers in this field. Salaries, $7000 to 
$10,000 year base, plus commissions. Terri- 
tories: New York, Chicago, and other cities 
throughout U. S. W7528(b). 





SENIOR PROJECT 
ENGINEER—DESIGN 
re eet 
lants 
and 
SENIOR POWER PLANT 
ENGINEER-ESTIMATOR 
for permanent positions with one of 
the world’s leading Engineering- 
Construction Companies. Head- 

quarters in San Francisco. 

P.O. Box 8 ME, Mining Engineer- 
ing, 29 West 39th Street, New 
York 18, N. Y. 
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Design—Mining, Milling, graduate in civil 
engineering from accredited school, with 
three to five years industrial design experi- 
ence. Perform duties as assigned by chief 
construction engineer related to design of 
foundations for equipment, drawing of equip- 
ment modifications, and supervision of field 
installations, as indicated. Salary, open, to 
$700, depending on qualifications. For 
uranium mining and milling company. New 
Mexico. S(P)-4458. 


Superintendent—Underground Mining, 
mining engineering or practical experience, 
any age. Well qualified to open and run 
small shored tunnel type mine in rock, to 
recondition existing tunnel and to extend 
500 to 600 ft; later to supervise mining pro- 
duction or reduction. Start as working fore- 
man with 5 to 6 men. Quicksilver opera- 
tion. Salary, $550 to $650 plus family hous- 
ing. Northern California. S(P)-4549. 


Field Engineer—Mining Tools, mining en- 
gineering or other engineering field, and 
two to three years experience in mining or 
quarrying. Visit mines and quarries and ob- 
serve tests of company products (rock bits 
for blast hole drilling, rock cutters for drill- 
ing shafts and tunnels), discuss with mine 
and quarry management problems of driil- 
ing, study mechanical and metallurgical as- 
pects of products for drilling; suggest new 
designs, evaluate practical and economic as- 
pects of new projects. Short training pro- 
gram provided. For tool manufacturer. Trav- 
el extensively; headquarters, Southwest. 
S(P) -4540. 


Mine Pit Foreman, with several years ex- 
perience in copper or iron deposits, capable 
of supervising all phases of pit develop- 
ment and mining, trucking, and mainte- 
nance of haulage roads. Starting about 1500 
tpd on single shift basis for 500 tpd mill. 
Employer pays one half of placement fee. 
Nevada. S(P) -4478. 


District Industrial Engineer—Mining, B.S. 
or M.S. in industrial or mining engineering, 
with postgraduate studies in production 
control, tool design, material handling, in- 
dustrial psychology, etc. Practical industrial 
experience required with at least two years 
supervisory capacity in fabricating industry. 
Experience as machinist or toolmaker de- 
sirable. Salary, open. Apply by letter. South 
America. S(P)-4470-R. 


Senior Geophysicist—Mining, M.S. or 
equivalent, with at least eight years work 
with mining company to cooperate with 
geologists in coordinating geophysical pro- 
gram for exploration group of large mining 
company. Western U. S. Salary, open. S(P)- 
4453. 


Designers—Underground, Open Pit Mine, 
mining or mechanical engineering. One for 
surface plant design for underground oper- 
ations and also underground mine design, 
development, and production. One for open 
pit design and production. Under chief en- 
gineer. Salary, commensurate with training 
and experience. Housing available. Wyoming. 
Apply by letter. S(P)-4431. 


Sales Engineer—Iron Ore, graduate in 
mining or metallurgical engineering, 30 to 
40, with several years practical experience 
plus commercial experience selling or pur- 
chasing ores and minerals. Will represent 
producing mines supplying iron ore to Japan 
steel companies. Must be married and pref- 
erably with family. Salary, open, plus free 
housing and business expenses. Japan S(P)- 
4400. 


Assayer—Base Metal Concentrates, recent 
actual working experience in practical an- 
alytical assays of ores or concentrates (cop- 
per, zinc, molybdenum, chrome, etc.) to 
isolate foreign or tract quantities and to as- 
say and report prior to, during, and after 
production for chemical salts processing 
company. Salary, $500 to $550. Northern 
California. S(P) -4349. 


Mine Superintendent, Assistant Mine Su- 
perintendent, Coal, minimum of five years 
experience as mine foreman or superinten- 
dent of highly mechanized coal mine. Salary, 
open. Apply by letter. Southwest. S(P)- 
4313(a). 


Mine Engineer—Coal, Minimum of five 
years in responsible engineering position in- 
volving design, construction, and planning 
for coal or other mining operation. Salary, 
open. Apply by letter. Southwest. S(P)- 
4314(b). 


Assistant Superintendent—Copper Mill, 
good experience in mill operations and work- 
ing with Spanish-speaking natives. Speak 
Spanish. For large copper milling operation. 
Salary, commensurate with experience. 
Transportation paid. Peru. S(P)-4236(a). 





MECHANIZED ROOF-BOLTING 


RIGHT—I-R Roof-Bolting Jumbo with elevator 
raised to upper position for working in a 
14-foot seam. ; 





BELOW—same jumbo, with elevator lowered, 
is right height for an 8-foot seam. 


Special I-R ROOF BOLTING JUMBO drills, 





drives, and tightens bolts in 8 to 14-ft seams 


Ingersoll-Rand rock drill engineers have come 
up with a unique solution to a troublesome roof- 
bolting problem on a job where with conventional 
stopers and temporary stagings, roof-bolting 
crews were hard pressed to keep ahead of drilling 
operations in a room-and-pillar mining system. 
Drillers often had to wait for roof bolts to be set 
before they could move in on a new face. Now a 
two-man crew easily keeps ahead of all drilling 
operations. 

Each self-propelled jumbo consists of an 
elevator platform which carries a Hydra-Boom- 
mounted vertical drill feed with DB-30 drifter 
and Torque Control Impactool. 

In operation, the jumbo is propelled into 











5-904 





approximate drilling position by I-R air-motor 
drives— anchored with hydraulic leveling jacks— 
and the platform raised by hydraulic cylinders 
to the desired height. The drill is spotted in posi- 
tion by the Hydra-Boom and the hole is drilled. 
The drifter is then run down the feed, the steel 
removed and the Impactool swung into position 
above the drill. The roof bolt is inserted and drill 
feed raises the wrench into position for tightening 
the bolt to the required torque. All operations are 
throttle controlled from the upper deck. 

If you have a drilling problem, Ingersoll-Rand’s 
specialized experience can help you solve it— 
quickly and efficiently. 


Fr) Ingersoll-Rand 


11 Broadway, New York 4, N.Y. 


A CONSTANT STANDARD OF QUALITY IN EVERYTHING YOU NEED FOR ROCK DRILLING 
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An Internat 


Order directly from the publisher 
all books listed below except 
those marked « « « The books 
so marked (¢ ¢ ©) can be pur- 
chased through AIME, usually 
at a discount. Address Irene 
K. Sharp, AIME Book Dept., 
29 W. 39 St., New York 18, N. Y. 


BOOKS 


v 


Mineralogy, by Edward H. Kraus, 
Walter F. Hunt, and Lewis S. Rams- 
dell, McGraw-Hill Book Co. Inc., 696 
pp., $9, 1959—This fifth edition is a 
practical manual of facts and data on 
minerals, including information on 
the different determinative methods 
and their application in identifying 
minerals rapidly and _ accurately. 
Identification by means of crystal 
forms, physical and chemical proper- 
ties, by optical methods, X-ray 
analysis, and blow-pipe methods are 
covered, eee 


Axial Flow Compressors, by J. H. 
Horlock, Butterworth & Co. Ltd., 
1367 Danforth Ave., Toronto 6, Ont., 
Canada, 205 pp., $5, 1958—Basic in- 
formation is scaled for mechanical 
and aeronautical engineers who have 
received training in fluid mechanics 
and thermodynamics up to graduate 
level. Some categories covered in- 
clude two-dimensional cascades, 
theoretical analysis and experimental 
work; two-dimensional or pitch-line 
design of compressor stages; three- 
dimensional flow in compressor 
stages; calculation of losses, stage 
efficiencies and characteristics; and 
supersonic compressors. @ © @ 


Lubrication of Bearings, by F. T. 
Barwell, Butterworth & Co. Ltd., 
1367 Danforth Ave., Toronto 6, Ont., 
Canada, 304 pp., $10, 1959—A review 
of the work of the author plus signi- 
ficant research of the last half-cen- 
tury. Data in this single reference 
volume will assist the practicing en- 
gineer in the design of bearings and 
similar components of the kinematic 
chain, in accordance with modern 
knowledge. ee@ 


Metallurgy and Fuels, Vol. 2, by H. 
M. Finniston and J. P. Howe, Per- 
gamon Press Inc., 122 East 55th St., 
New York 22, N.Y., $21, 1959—This 
new volume contains 30 papers con- 
tributed by eminent metallurgists 
and physicists, and maintains the 
high standard of volume one. eee 


Overvoltage Research and Geophys- 
ical Applications, by James R. Wait, 
Pergamon Press Inc., 122 East 55th 
St., New York 22, N.Y., 120 pp., $9, 
1959—The results of research dealing 
with basic concepts of overvoltage, 
mathematic description of phenom- 
ena and phenomonological theory. It 
contains the first concerted effort to 
apply the overvoltage phenomenon 
to geophysical prospecting. eee 


Mineral Aggregates and Concrete 
(with Selected Highway Materials), 
compiled by American Soc. for Test- 
ing Materials, 1916 Race St., Phila- 
delphia 3, Pa. 384 pp., $4.75 (to 
ASTM members, $3.80), 1958—A 
helpful book for producers and con- 
sumers, standards are compiled on 
specifications, test methods, and defi- 
nitions of terms pertaining to mineral 
aggregates, concrete, and selected 
highway materials. ee @ 


Cement, standards compiled by 
American Soc. for Testing Materials, 
1916 Race St., Philadelphia 3, Pa., 
282 pp., $3.50 (to ASTM members, 
$2.80), 1958—The 15th edition of 
specifications and tests pertaining to 
cement (portland, portland blast- 
furnace slag, natural, masonry, and 
air-entraining portland). Also in- 
cludes Manual of Cement Test- 
ing. eee 


Industrial Water and Industrial 
Waste Water, Radio-Activity in, 
Symposium On, STP 235, Ameri- 
can Soc. for Testing Materials, 1916 
Race St., Philadelphia 3, Pa., 76 pp., 
$2.50 (to ASTM members, $2), 1959 
—Seven papers and appendix cover 
radioactivity and purity control of 
APPR primary water; radioactive 
waste processing control; Shipping- 
port Atomic Power Station; test 
methods for radioactivity hazzards in 
industrial waters, plus other perti- 
nent topics. eee 


Non-Ferrous Metal Statistics, com- 
piled by the Organisation For Euro- 
pean Economic Co-Operation, Distri- 
bution and Sales Service, 33, rue de 
Franqueville, Paris-16°, $1.50, 1958— 
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Production, consumption, foreign 
trade, and breakdown of uses from 
1955 to 1957 are included. eee 


The Cement Industry in Europe, 1957 
Statistics, compiled by the Organi- 
sation For European Economic Co- 
Operation, Distribution and Sales 
Service, 33, rue de Franqueville, 
Paris-16°, $1, 1958. eee 


Drainage and Use of Methane from 
Coal-Fields, published by the Or- 
ganisation For European Economic 
Co-Operation, Distribution and Sales 
Service, 33, rue de Frarqueville, 
Paris-16°, $1, 1958—This report 
brings up to date the study of de- 
velopments since 1956. eee 


Industrial Fatty Acids and Their Ap- 
plications, edited by E. Scott Patti- 
son, Reinhold Publishing Corp., 430 
Park Ave., New York 22, N.Y., 230 
pp., $7, 1959—The production and 
processing of fatty acids with em- 
phasis on the practical technology 
and the chemistry involved are des- 
cribed. eee 


Handbuch Der Staubtechnik, Vol. 2, 
Staubtechnologie, by Robert Meldau, 
second edition, VDI-Verlag GmbH, 
Diisseldorf, Germany, 435 pp., $15.50, 
1959—Beginning with sections on 
dust particles and dust deposits, the 
volume continues on dust technology 
with practical aspects of the ma- 
chines and processes for dust re- 
moval. eee 


The Evolution of North America, by 
Philip B. King, Princeton University 
Press, Princeton, N.J., 100 plates, 
$7.50, 1959—A regional treatment 
through geologic time written by the 
principal geologist with the US. 
Geological Survey which brings to- 
gether the latest results of geological, 
geophysical, and geochemical inves- 
tigations. ¢ ¢ @ 


Translators and Translations: Ser- 
vices and Sources, edited by Francis 
E. Kaiser, Special Libraries Assn., 
31 East 10th St., New York 3, N. Y., 
$2.50, 1959—A specialized reference 
tool for everyone concerned with 
translations. Part I is a Directory 
of Translators, with rates, languages, 
addresses, and telephone numbers of 
154 U. S. translators; Part 2 describes 
Pools of Translators throughout the 
world; Part 3 gives Bibliographies of 
Translations. ¢¢¢ 
(Continued on page 860) 





fe impressive installation at Kiruna, Sweden, 
demonstrates a major benefit of ASEA Multi-Rope Friction 
Hoists: low initial installation cost. 

Each of these ASEA Hoists has a skipload of 22 tons 
and is designed for a depth of 1500 feet, maximum 
speed 2200 feet per minute. 

At Kiruna, as in mining operations throughout 
the world, ASEA Multi-Rope Hoists prove less costly to 
operate, safer, and they reduce rope wear. 

In the U.S. these advantages may be seen in the 
ASEA installations of National Potash Co. and Cleveland- 
Cliffs Iron Ore Co. 


OHOISTS = 


FULLY AUTOMATIC, the ASEA Hoists at Kiruna 
eliminate the employment of hoist men. 

At U.S. wage rates, assuming two-shift operation, this would 
mean a saving of about $30,000 yearly for each hoist! 


Write for illustrated literature on ASEA Multi-Rope 
Friction-Drive Mine Hoists. 


ASEA 


World pioneer in electrical products for industry 


ASEA ELECTRIC, INC. 


500 FIFTH AVENUE, NEW YORK 36, N.Y 
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U. S. BUREAU OF MINES 


Request free publications from: 


Publications Distribution Section 
Bureau of Mines 

4800 Forbes Ave. 

Pittsburgh 13, Pa. 
RI 5463 Probability Studies on the Incendiv- 
ity of Permissible Explosives. Effect of Small 
Percentages of Sodium Chloride. 
RI 5464 Use of Sole-Heated Oven for Studies 
of Coal Expansion and Coke Formation. 
RI 5465 Conversion of Nicaro Nickel Oxide 
to Nickel Metal. 
RI 5466 Heat and Free Energy of Formation 
Data for Crystalline Cadmium and Lead 
Metasilicates 
RI 5467 Duplicability Studies of the BM- 
AGA Test Method and Correlation With In- 
dustrial Coking 
RI 5468 Thermodynamics of Rare-Earth 
Compounds 
RI 5469 Cost Estimates of Liquid Scrubbing 
Processes for Removing Sulfur Dioxide From 
Flue Gases 
RI 5470 Evaluation of an Acid-Extraction 
Method for Determining Mineral Matter in 
American Coals. 
RI 5471 Further Corrosion Tests on Mate- 
rials in Regenerative Air Preheaters. 
RI 5473 Using Radiant Heat to Reduce Fil- 
ter-Cake Moisture in Coal Preparation. 
RI 5474 Extraction of Rare-Earth Elements 
From Bastnaesite Concentrate. 


ABSTRACTS 


from page 858 


~ 


In This Issue: The following abstracts 
of papers in this issue are reproduced for 
the convenience of members who wish 
to maintain a reference card file and for 
the use of librarians and abstracting ser- 
vices. At the end of each abstract is 
given the proper permanent reference 
to the paper for bibliography purposes. 


Light Metals—Prediction and Performance, 
Paley Report Series No. 2, by Walter L. Rice 
~The reappraisal of the Paley Report's 
predictions concerning light metals shows 
the commission's findings to have been per- 
ceptive and accurate in some areas, highly 
conservative and mistaken in others. The 
light metals industry is running well ahead 
of the growth schedule projected by the 
President's Materials Policy Commission and 
is 20 pet beyond expectations in consump- 
tion, a growth not anticipated until 1960. 
Underlying factors of this unexpected ac- 
celeration are considered in this report. Ref.: 
MINING ENGINEERING, September 1959, 
page 803. 

PCA Tries Semi-Dome Shapes for Storing 
Bulk Product by Edward E. Ives and Wil- 
iam L. Payne—A unique feature of Potash 
Co. of America’s property near Saskatoon, 
Sask., is the use of semi-dome-shaped 
buildings for product storage. The relatively 
small capacity units give flexibility in storing 
different grades and sizes and permit greater 
ease in shipping products as market demands 
change. Ref.: MINING ENGINEERING. Sep- 
tember 1959, p. 897. 


Seviet Mining Machinery Shown at New York 
Exhibition—The Russian Exhibition at the 
New York Coliseum June 30 to August 10, 
1959, included a display of Russian coal min- 
ing machinery, mineral speci geological 
maps, and safety equipment. Longwall min- 
ing of coal was stressed in the machinery 
and models chosen which included several 
cutter-loaders, an aggregate system, and 
hydraulic roof support. Ref.: MINING EN- 
GINEERING, September 1959, p. 898. 

Mining at Gaspe Copper, by William G. 
B spe Copper Mines Ltd. a 
subsidiary of Noranda Mines Ltd., operates 
a completely integrated copper mining, mill- 
ing, and smelting plant at Murdochville, on 
the Gaspe Peninsula of Quebec. Producing 





about 85 pct of its output underground, 
Gaspe Copper uses trackless mining equip- 
ment for economy and flexibility. Mine 
planning, equipment, operator training, venti- 
lation, and progress so far evaluated are 
covered in the paper. Ref.: MINING EN- 
GINEERING, September 1959, p. 899. 


Pumping Selids Through A Pipeline, by 
Julian Nardi—Pumping solids through a 
pipeline is not new but until very recently 
other means of transportation were cheaper. 
The financial risks involved have disuaded 
some, while the threat of pipeline competi- 
tion has resulted in a slashing of prices of 
other transportation, making the switch un- 
justifiable. It is unlikely that pipeline trans- 
portation of coal will replace railroad 
transportation as rapidly as it did in the 
case of petroleum, but the increasing rail- 
road rates will have their effect on the 
pipeline industry. The paper offers some 
strong recommendations for those considering 
transportation. Ref: MINING ENGINEER- 
ING, September 1959, p. 904 


Economy Through Design by Robert J. 
Linney (TP 59B68)—Operating and main- 
tenance improvements at the Reserve Mining 
Co. taconite plant were faster, easier, and 
less costly because initial design provided 
ample space for unanticipated alterations. 
Within a year production was increased 33 1/3 
pet over initial capacity without extensive 
additions or changes. Ref.: (MINING ENGI- 
NEERING, September 1959) AIME Trans., 
1959, vol. 214, p. 909. 


Geology of the Ross-Adams Uranium-Tho- 
rium Deposit, Alaska, by E. M. MacKevett 
Jr., (TP 591200)—The Ross-Adams deposit 
represents an uncommon type of uranium- 
thorium deposit in which uranothorite and 
uranoan thorianite are the chief ore min- 
erals .The deposit, which forms a crudely 
fusiform ore body in alkali granite, is the 
source of the only uranium ore that has been 
mined in Alaska. Ref.: (MINING ENGINEER- 
ING, September 1959) AIME Trans., 1959, 
vol, 214, p. 915. 


Effects of Structure and Unsaturation of 
Collector on Soap Flotation of Iron Ores 

S. R. B. Cooke, I. Iwasaki and H. S. 

i (TP 59B203)—Standardized flotation 
tests were made on iron wash ore tailings 
containing hematite, geothite, quartz, and 
chert, using fatty acid collectors of various 
degrees ~of unsaturation and of different 
structure. Separation was effected either by 
floating the iron oxide minerals from the 
siliceous gangue or by activating the gangue 
and floating it from the iron oxides. The 
primary variable was pH. Among the results 
of the test were the following discoveries: 
When the iron oxide minerals are floated, 
the selectivity index obtained depends on the 
structure of the fatty acid collector. Some 
evidence is presented that quartz and chert 
may be floated from slime-containing iron 
ore. The slimes completely inhibit the in- 
verse process of floating the iron oxides 
from the same ore. The more saturated frac- 
tions of fish oil fatty acids show technical 
promise in floating iron oxide minerals from 
siliceous gangue. Ref.: (MINING ENGINEER- 
ING, September 1959) AIME Trans., 1959, vol. 
214, p. 920. 


Face Ventilation for Continuous Miners by 
John D. Kalasky (TP 4809F)—-Use of the 
continuous miner in a gaseous mine inten- 
sifies ventilation hazards normally encoun- 
tered in a wider area over a much longer 
pomee of time. The brattice system described 
ere has proved successful in three mines 
where continuous machines have been op- 
erated. Ref.: (MINING ENGINEERING Sep- 
tember 1959) AIME Trans., 1959, vol. 214, p. 
928. 

A Review of Scandinavian Electromagnetic 
Prospecting Methods by Frank C. Frisch- 
knecht (TP 4808L)—Electromagnetic pros- 
pecting used in Scandinavia includes methods 
in which the position of the energizing sys- 
tem remains fixed and methods in which both 
the source and receiver are moved about over 
the area being investigated. For these meth- 
ods, respectively, long grounded cables or 
large horizontal insulated loops and small 
portable loops are used. Various modifications 
of the basic surface methods are used for 
mobile operation on both ground and in the 
air. Comparisons are made between the sys- 
tems and recent developments in equipment 
design are described. Ref.: (MINING ENGI- 
NEERING, September 1959) AIME Trans., 
1959, vol. 214, p. 932. 


Nuclear Detector for Beryllium Minerals by 
T. Cantwell, H. E. Hawkes, and N. C. Ras- 
mussen (TP 581104)—-A semiquantitative 
method, depending on a nuclear reaction that 
is selective for beryllium, has been developed 
experimentally. The method of determining 
the beryllium content of crushed mineral 
samples has been given a preliminary test 
with standard laboratory equipment. Ref.: 
(MINING ENGINEERING, September 1959) 
AIME Trans., 1959, vol. 214 p. 938. 
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Geochemical Study of Pb-Ag-Zn Ore from 
the Darwin Mine, Inyo County, California, by 
Wayne E. Hall (TN 59147)—An analysis to 
determine the following: 1) the distribution 
of bismuth, selenium, and silver in galena 
samples from Darwin mine and 2) the 
temperature range of ore formation. Ref.: 
(MINING ENGINEERING, September 1959) 
AIME Trans., 1959, vol. 214, p. 940. 


SME Meeting Papers: The following ab- 
stracts of papers presented at SME meet- 
ings are given for your information. 
Copies of these papers are available 
only if followed by a preprint order 
number. These +? are obtained on 
a coupon basis. The coupon books may 
be purchased from SME _ headquarters 
for $5.00 a book (10 coupons) for mem- 
bers of AIME or $10.00 a book for non- 
members. Each coupon, properly filled 
out, entitles the purchaser to one pre- 
print. Mail completed coupons to Pre- 
prints, Society of Mining Engineers, 
29 W. 39th St., New York 18, N. Y. 


High Head Slurry Pumping by Walter Haent- 
jens—Although slurry pumping is nothing 
new to anthracite coal mine operators, there 
is little published data on the subject which 
is sufficiently comprehensive to be of general 
help. An extensive testing program of the 
pipeline used by Pittsburgh Consolidation 
Coal Co. is described. Another notable slurry 
pipeline is the 72-mile Gilsonite line. A 
brief resume is given of important design 
points and economic factors are considered. 
Slides given with the paper showed the de- 
tails of various pumping systems. AIME 
Pennsylvania-Anthracite Section Spring 
Meeting. April 1959. 


Can Hydraulic Mining be Applied to the Ex- 
traction of Anthracite? by C. D. Rubert—Ar 
initial attempt at hydraulic jet cutting was 
made at 1600 psi water pressure. Experi- 
ments were conducted in 1954 and 1956 and 
details are given of the latter operation. Sev- 
eral other attempts at hydraulicking coal, 
particularly in other parts of the world, are 
given. Recent experiments, particularly in 
Russia, Poland, Czechoslovakia, and West 
Germany, indicate that a jet cutting system 
can be applied to coal mining. A recommen- 
dation is made that hydraulic mining of an- 
thracite be thoroughly investigated as a pos- 
sible means of producing anthracite at a 
cost competitive with other fuels. Further, 
it is suggested that such a system might per- 
mit the mining of some of the friable seams 
which in the past were bypassed because of 
the high yield of fine sizes. AIME Pennsyl- 
vania-Anthracite Section Spring Meeting, 
April 1959. 

Hutchinson Mine—A Problem in Coal Mine 
Drainage by Ernst P. Hall—The drainage 
problem of the Irwin Basin is discussed along 
with an outline of the geology and mining 
history of the basin. The geological and pre- 
vious mining conditions which contribute to 
the Hutchinson drainage problems are out- 
lined. The Hutchinson drainage problems and 
their immediate solutions are presented. 
Slides of photographs and maps of the Irwin 
Basin and Hutchinson mine are included. 
Joint Coal-IndMD Meeting, Bedford Springs, 
Pa., September 1959. 


The Influence of Bacteria on the Formation of 
Acid Mine Drainage by W. W. Leathen—Bac- 
teria capable of oxidizing sulfur or iron have 
been isolated from acid bituminous coal mine 
effluents. The sulfur oxidizer (Thiobacillus 
thiooxidans) is widely distributed in nature, 
while the iron oxidizer (Ferrobacillus ferro- 
oxidans) appears to be indigenous to bitumi- 
nous coal regions. Within optimal conditions 
for growth, this latter micro-organism (iron 
oxidizer) increases by severalfold the rate of 
oxidation of certain sulfuritic materials. 
Measures for preventing such activity are 
futile. The amount of acid formed in bitumi- 
nous coal mines attributable to bacterial ac- 
tion cannot be determined, owing to the rapid 
rate of acid formation by strictly chemical 
reactions. The need for additional research 
is indicated. Joint Coal-IndMD Meeting, Bed- 
ford Springs, Pa., September 1959. 


Acid Mine Drainage by S. A. Braley—<A dis- 
cussion of the formation of acid mine water 
and the relationship of the primary reaction 
to the ultimate variable and complex com- 
position of mine discharges. An evaluation of 
past recommended practices for abatement of 
pollution of mine discharges. Suggestions of 
methods for abatement based upon knowl- 
edge of the fundamentals of formation and 
their relation to geologic conditions. Joint 
Coal-IndMD Meeting, Bedford Springs, Pa., 
September 1959. 





One man is all it takes to fill horizontal “holes with 
Spencer N-IV Ammonium Nitrate and fuel oil, when 
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(Larger Sizes Available) 


MONKEY 
300 pounds of material. 


Will place 150 pounds in 
two minutes. 


15 to 85 psi. 
Air Compressor....105 to 125 c.f.m. 
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you use the new Spencer Powder Monkey. Available 
with wheels for towing, or mount on powder truck. 


Now! A Fast, Easy Way To Fill Horizontal Holes 
With Ammonium Nitrate-Fuel Oil Mixtures: 


New Spencer Powder Monkey saves you $3.00 to $4.00 
per 100 pounds on bag costs alone! 


Scientifically designed for place- 
ment of Spencer N-IV Ammonium 
Nitrate-fuel oil mixtures in horizon- 
tal blast holes, the Spencer Powder 
Monkey extrudes the mixture into 
the hole. Then the Powder Monkey 
is filled with sand, which is blown 
into the holes for stemming. 


There’s no need for tamping 
bags, tamping equipment, or 
the labor needed to fill and 
tamp bags into the hole! 


With the Spencer Powder Mon- 
key, you can actually load faster 
and more economically than with 
any other known method! Job-tested 
on holes ranging from 15% inches to 
8 inches in diameter, the Powder 
Monkey has proved itself under a 
wide variety of conditions. 


Another advantage of placing 
Spencer N-IV and fuel oil with the 
Powder Monkey is that you can 
prime the entire charge with deto- 
nating cord at the same time you in- 
sert the hose in the blast hole for 
filling. 


World’s Most Efficient 
Low-Cost Blasting Method 


Spencer N-IV Ammonium Ni- 
trate, combined with fuel oil and 
fired with detonating cord, produces 
a superior blast for these two rea- 
sons: (1) Spencer N-IV has a spe- 
cial structure that lets the prills 
absorb oil more easily. (2) Spencer 
N-IV contains a higher percentage 
of ammonium nitrate than other 
brands. 


Because of these two advantages, 
Spencer N-IV as an ingredient in 
blasting agents produces more 
energy than competitive grades of 
ammonium nitrate, yet costs no 
more! 


With Spencer N-IV and fuel oil 
you save on priming costs, too, be- 
cause this mixture can be initiated 
with a single strand of 175-grain 
detonating cord. And you put an 
end to the danger of storing high ex- 
plosives on the job site because 
Spencer N-IV by itself is not an 
explosive! 


Spencer N-IV is available in all- 
plastic 50-lb. bags that are tougher 


than paper—so tough they reduce 
breakage as much as 50%. And you 
can store them right out in the open. 
(Also available in paper bags.) 


For complete information, mail 
the coupon below: 





ax ® 
Spencer Chemical Company 

403 Dwight Building 
| Kansas City 5, Missouri 
| Yes! | wont to know more about: 
(_] Spencer Powder Monkey 
| CJ Spencer N-IV Ammonium Nitrate 
as a blasting ingredient. 
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MESABI RANGE TESTS PROVE 


DS and KELLEY RIPPER break 
frozen overburden better and 
faster than blasting-for less than 
the cost of explosives alone 


Cost figures tell the 
story in toughest 
conditions 





Frozen Rocky Clay 


DRILLING AND BLASTING 


Block: 4,635 square foot area 
153 four-foot-deep holes, four-and-one-half-inch 
diameter. 
Labor required: 
3.1 Shifts, Driller @ $19.20 
3.1 Shifts, Driller Helper @ 18.16 
0.6 Shift, Blaster @ 20.24. 
0.6 Shift, Blaster Helper @ 17.12 


Explosives Required: 


Machine Expense: 
3.1 x 8 = 24.8 hours of 
pneumatic drill @ 3238... 


Estimated Cost: Drilling and Blasting 


RIPPING 

Same area, same material 

Method: D9 Tractor and Kelley Ripper—8 hours 
4 initial passes, one cross-ripping pass 


Doze off first layer and repeat process once 
8 x $21.63 $173.04 


Estimated Daily Savings—Ripping instead of blasting 
Days for DS and Ripper to pay for itself 
225 days 


SUMMARY: The D9 and Kelley Ripper breaks 
frozen areas faster and more eco- 
nomically than any other method. 
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Those are the figures. The D9 and Kelley Ripper 
broke this frozen material into bite-size pieces for 
power shovels at a cost of only 20¢/yard, a total cost 
of only $173. This is less than the cost of explosives 
alone. And it was 58% less than the total cost of 
drilling and blasting. 


And this was in some of the toughest material a 
ripper can encounter. The sandy clay was heavily 
embedded with boulders up to one yard in diameter. 
One test block was frozen five feet deep. 


If you wrestle with frozen overburden, your 
Caterpillar Dealer has more facts on this new tractor- 
ripper method. Get in touch with him today. 


Caterpillar Tractor Co., Peoria, Illinois, U.S. A. 


———~_-— 
FIND YOUR CATERPILLAR DEALER IN THE || YELLOW PAGES 


CATERPILLAR 


Caterpilier and Cat are Registered Trademarks of Caterpiliar Tractor Co 





MANUFACTURERS NEWS 


/ / 
NEWS / EQUIPMENT / CATALOGS 


Drill Dust Collector 

Mine Safety Appliances Co. offers 
safer, simpler, and faster drilling of 
roof bolt holes in coal mines with 
the new M-S-A Thru-Steel dust col- 
lector. Dust is trapped at the bit and 
drawn through the hollow steel into 
a collecting tank. Collector is inte- 
gral with drilling equipment, can be 
installed permissibly on any ap- 
proved roof drill. Circle No. 1. 


Brawnier Scraper 

An increase of 45 hp gives current 
production units of the model TS-24 
Euclid scraper—powered by two GM 
diesels—a total of 563 hp. Each 
engine has separate Torqmatic drive. 
Circle No. 2. 


Air-Cooled Compressors 

Atlas Copco’s new semi-portable 
air-cooled compressors deliver from 
311 to 635 cfm at 100 psi. Two models 
are available in the new AT series, 


both designed for use under extreme 
temperature ranges and in areas 
where water is dirty, corrosive, or 
exceptionally expensive because of 
short supplies. Circle No. 3. 


Screw Hoppers, Feeders 

Bucket Elevator Co. has an- 
nounced a new complete line of 
screw feed hoppers, screw feeders, 
and specialty screw conveyors. Il- 
lustrated is a 20-cu-ft-capacity bag 
loading and screw feed hopper. 
Speed adjustment hand wheel and 
tachometer permit extreme accuracy. 
Circle No. 4. 


/ 


Drilling Rig 

Faster drilling through push-but- 
ton hydraulic power positioning of 
the drill mast is featured on a new 
self-propelled tractor-type rock 


drilling rig by Thor Power Tool Co. 


ph? ad 


ei + 


5 is equipped with a new 
Thor No. 140 4%-in. bore drifter, a 
power-feed mast for 10-ft steel 
changes, and a chassis driven by 
compact 8-hp twin air motors. Cir- 
cle No. 5. 


Hydrocone Crusher 

A new 36-in. Hydrocone crusher 
from Allis-Chalmers gives greater 
output with reduced fines, wear 
maintenance, and space require- 
ments. Crusher, which includes 


Hydroset control (hydraulic adjust~ 
ment of the crushing head), is avail- 
able with feed openings of 7, 4, and 
2 in. Tramp iron is quickly released 
by automatic lowering of hydraulic 
crushing head. Circle No. 6. 


Trough Feeder 

Syntron Co. has a new conveyor- 
discharge trough feeder which is de- 
signed to reduce spillage and con- 
centrate materials onto the center of 
moving belt conveyors. Troughs 
available in abrasion-resistant met- 
als and with heated liner plates. 
Circle No. 7. 


Blasting Bag Sealer 

An electric heat-sealing unit de- 
signed to close a poly-lined kraft 
bag used to package ammonium 
nitrate-fuel oil mixtures for wet 
hole blasting is offered by Bemis 
Bro. Bag Co. Sealer weighs 25 Ib, 
is easily installed and does the job 
in just 5 sec. Circle No. 8. 


Cap Lamp 

The new model S Edison cap lamp 
by Mine Safety Appliances Co. gives 
a 15-pct increase in illumination and 
reduced overall weight. Lightweight 
headpiece has simple bezel ring 
focusing. Bulb is krypton-filled and 


has two identical filaments, each with 
a 400-hr service rating. New active 
material in the nickel-iron-alkaline 
battery provides better depend- 
ability, service life, and economy. 
Circle No. 9. 


Underground Coal Auger 

Salem Tool Co. has a new line of 
underground coal recovery drills 
that handle augers of 24 to 44-in. 
diam and 5-ft length. The drills and 
their separate power units are self- 
moving on skids and jacks. Augered 


coal feeds directly to the drill’s con- 
veyor. New unit permits low-cost 
recovery without disturbing weak 
roofs. Circle No. 10. 

(Continued on page 864) 
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Manufacturers’ News 
(Continued from page 863) 


Bucket Loader 


New model TL-16 TractoLoader, 
by Allis-Chalmers, is specially de- 


A standard hled 





signed for faster excavating in sand 
and gravel yards. Loader weighs 18,- 
000 lb and has a carrying capacity of 
7000 lb. Five rugged buckets are 
available: 1% to 4 cu yd. Circle 
No. 11. 


Rubber Strips Cut Chute Wear 


An abrasive copper ore slurry that 
wears through unprotected chutes 
within days has failed to produce 
any sign of wear on a new rubber 
chute lining in service for more 
than three years, according to B. F. 
Goodrich Industrial Products Co. 
The lining, called Rifflestrip, is laid 
in a bed of any number of individual 
L-shaped, 2-in. strips of pure gum 


control panel is pro- 


vided with all Amplitrol feeders, and is ready 
for immediate service when external air and 
a-¢ power connections are made. Control can 


be local or remote, | or aut tic. 





sponds to any standard process instrumentation. 


Now! A Mechanical Vibrating Feeder 
With Variable, Stepless Control 


The exclusive Carrier Natural- 
Frequency drive, and a unique 
new amplitude control system — 
these two features of the new Car- 
rier Amplitrol feeder give you 
benefits found in no other vibrat- 
ing feeder, electromagnetic or 
mechanical. 


LESS DAMPING. . . Amplitrol feeders 
increase vibrating stroke auto- 
matically when headload is in- 
creased. This allows you to use 
larger bin openings . . . bigger 
headloads . . . and to discharge 
bigger capacities of almost any 
material. 


FULL-RANGE CONTROL. . . A new, 
highly simplified pneumatic sys- 


tem allows accurate, full-range 
stroke control. The heavy-duty 
air springs respond immediately 
to a pneumatic signal from a 
standard 0-80 psi air pressure 
valve. No lag. 


LESS MAINTENANCE . . . Amplitrol 
feeders have no chains or v-belts 
. no large revolving weights or 
bearings . . . no auxiliary electrical 
parts ... no gears or guards... 
NEW AMPLITROL FEEDERS 
ARE JUST THAT SIMPLE. 


Send for new 12-page bulletin describing all Amplitrol benefits in detail. 
Carrier Conveyor Corporation, 254 North Jackson Street, Louisville, Ky. 


CARRIER 


NATURAL-FREQUENCY’ 
VIBRATING EQUIPMENT 


Engineering Specialists in Vibrating Equipment 


CONVEY @ FEED 
DEWATER @ SCREEN 
COOL @ AGGLOMERATE 
DRY @ SCALP @ COAT 
DISTRIBUTE @ ELEVATE 
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rubber. Abrasive material fills the 
grooves between the rubber ridges 
and the material runs over itself, 
having nothing to abrade but itself. 
Circle No. 12. 


Ceramic Magnetic Pulleys 

Eriez Mfg. Co. has announced an 
improved line of Ceramic-V mag- 
netic pole pulleys for removing 
medium and large tramp iron from 
fast-moving conveyor flow. Optimum 
efficiency demands temperatures not 
lower than 20°F nor higher than 
120°F. Circle No. 13. 


Aggretator 

A medium weight dredging agi- 
tator from Van Gorp Mfg. is designed 
to increase dredging production with 
a small initial investment. Features 


of the Aggretator include double 
edge teeth to cut clay seams and face 
and side plates that push large rocks 
away from suction nozzle. Sizes 
available are for 6, 8, 10, and 12-in. 
suction lines. Circle No. 14. 


Modernize Mine Locomotives 

Mine operators can tandemize 
their old two-axle motors, regard- 
less of make or model, upgrading 
them to main line haulage units ac- 
cording to General Electric. The 
company’s Locomotive & Car Egqpt. 
Dept. will do the rebuilding in an 
average of seven weeks at a cost 
that is low compared to the cost of 
new equipment. Mine owners with 
the necessary facilities may even 
obtain do it yourself kits. Circle No. 
15. 


News & Notes 
Hewitt-Robins has opened its 
sixth foreign subsidiary, a branch in 
Italy named Hewitt-Robins (Italia) 
(SpA). . . . Marion Power Shovel 
Co. is now building a 65-cu yd coal 
stripping shovel with a 170-ft boom, 
the largest shovel boom yet made. 
. Joy Mfg. Co. has completely 
automated its parts inventory sys- 
tem with a new electronic file. Brain 
of the system is the IBM Ramac 305. 
... A giant bulldozer blade to be 
used for mining diatomaceous earth 
has been built by Balderson Inc. 
Blade measures 30 ft long, 60 in. 
high. 





(21) DUMP TRAILERS: Rugged 
construction of Trailco dump trailers 
gives longer lasting performance, 
according to a brochure from Trailco 
Mfg. & Sales Co. Lightweight and 
low in maintenance, the trailer fea- 
tures Lock-O-Matic spring-loaded 
clamps that eliminate body-chassis 
vibration. 


(22) OVERLOAD SWITCH: An 
underspeed governor for overload 
protection is the subject of a release 
from Synchro-Start Products Inc. 
These speed-sensitive switches op- 
erate on the governor fiyweight 
principle. Contacts are snap act- 
ing and can be used to open or 
close a circuit on increasing or de- 
creasing speed. 


(23) REPLACEMENT PARTS: 
Columbia Steel Casting Co. offers 
4-page bulletin 1067 detailing man- 
ganese steel, carbon steel, and alloy 
replacement parts for most makes of 
buckets and shovels. Photos show 
Columbia’s range of production. 


(24) SHUTTLE CARS: The TorKar 
shuttle car of National Mine Service 
Co. is outlined in a 4-page brochure 
with specifications and technical in- 
formation on all components and 
series of types. Designed by — 
men, one of the features is 
single-motor torque converter. 


(25) ENGINES: International Har- 
vester Co. offers 24 models, from 
stripped engines to complete power 
units with ratings from 16.5 to 385 
hp. There are 14 carbureted models 
and ten diesel, plus a variety of ac- 
cessories. Catalog CR-732-1 gives 
details. 

(26) PUMP: A heavy duty, submers- 
ible electric pump is described in a 
folder from Stenberg Mfg. Co. The 
Flygt B-80L can run for long periods 
without supervision, handles highly 
abrasive materials, and has a ca- 
pacity of 300 gpm against a head of 
25 ft or 70 gpm at 150 ft, and weighs 
only 175 Ib. 


mail this 
post card for more 


information 


SEPTEMBER 1959 
865—MINING ENGINEERING 


(27) EQUIPMENT: A 32-page color 
booklet entitled “Better Tomorrows 
Begin Today at Allis-Chalmers,” 
provides a look at the facilities and 
products made in each of the com- 
pany’s works. Capsule facts about 
power generating and electrical 
transmission and distribution equip- 
ment are just a few of the data in- 
cluded. 


(28) GRAVEL & DOZERS: Caterpil- 
lar Tractor Co. offers 8-page booklet 
D920 entitled “Peak Performance” 
illustrating dozers, wheel tractors 


29 West 39th St. 
Not good after December 15, 1959. 


More Information 
Price Data 
Free Literature 


(30) TRACTORS: Standards for 
measuring tractor value are — 
cribed in “Five Yardsticks,” form 
33341 from Caterpillar Tractor Co. 
Performance, dependability, matched 
equipment, serviceability, and dealer 
organization are the five measure- 
ments. 


(31) REGULATOR: Minimum 
breathing effort and high volume of 
air flow are assured the user of res- 
piratory equipment by an improved 
design of the Mine Safety Appliances 
Co. variable flow demand regulator. 
Bulletin 1009-10 lists special fea- 
tures. 


(32) SUMP PUMPS: Rubber-lined 
vertical sump pumps are now being 
produced by the Denver Eqpt. Co. 
with capacities from 20 to 1400 gpm. 
Bulletin P9V-B1 illustrates wear- 
reducing advantages such as anti- 


Corp. Facts and photographs outline 
the possibilities of this science for 
open pit mining. 
(34) SEPARATOR: Stearns Magnetic 
Products announces a step forward 
in the design of permanent magnet 
separators for efficient heavy media 
recovery in bulletin 2012. Designated 
Stearns Indox V type WPD, the new 
0 
tor specifically for low-cost 
recovery of magnetic media in heavy 
density separation systems. 
(35) AIR DRILL: Model M-8TA 
etc. tractor-mounted rotary air drill 
is announced by Davey Compressor 
Co. in bulletin E-7335. Drill speci- 
fications, mechanical data, and illus- 
trations are included. The drill’s 
rated capacity is 600 ft with 6-in. 
drill bit in fair to good sedimentary 
rock formations with 3%-in. diam 


New York 18, N.Y. 
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(36) POWER CENTER: A special 
low-height power center built by 
Westinghouse Electric Corp., “the 
world’s highest-rated sealed dry- 
type mine power center,” is now in- 
stalled and operating in an eastern 
U. S. coal mine. The 600-kva unit 
reduces 7200 v to 480 v through a 
delta-connected primary and a wye- 
connected secondary. 


(37) COMPRESSOR: The Mine 
Safety Appliances Co. diaphragm 
type air compressor, designed to de- 
liver clean air for applications in- 
volving one air line respirator or one 
air line hood, is described in bulletin 
1009-12. Dimensional and construc- 
tion details are presented along with 
special features. 


(38) LOADER: The first Lorain 
Moto-Loader has been announced by 
Thew-Lorain Shovel Co. in data 
sheets now available. This 2-yd, 4- 
wheel drive front end loader is the 
result of over two years of manu- 
facturing and marketing. 


(39) PLASTIC PIPE: Bondstrand, 
the reinforced plastic pipe developed 
by Amercoat Corp. withstands the 
attack of acids, alkalis, and oxidized 
sulfides. Fiberglas and epoxy are 
incorporated for lightweight, spark 
free applications. 


(40) FILTER: A new filter, specific- 
ally designed for purifying com- 
pressed air used in respiratory 
equipment, is described in bulletin 
1009-9 from Mine Safety Appliances 
Co. The device insures the removal 
of 99 pct of particulate matter of 0.3 
» and larger diameter at rated flow. 
Air line filter can be used with both 
constant-flow and demand-fiow res- 


pirators. 


(41) PULLEYS: A complete line of 
radial design permanent magnetic 
pulleys is described in catalog 152-9 
from Magnetic Engineering and Mfg. 
Co. Methods of purification, protec- 
tion, reclamation, and separation are 
described. 


(42) SCRAPER: Allis-Chalmers Mfg. 
Co. bulletin MS-1312 gives engineer- 
ing features and operating advan- 
tages of the TS-260 motor scraper 
powered by 16000 diesel engine de- 
veloping 230 hp. Pictures of the 
scraper, its power plant, power train 
and many components help detail 
the special features. 


(43) COAL SAMPLERS: Brochure 
259 from McNally Pittsburg Mfg. 
Corp. gives complete information 
with photographs and dimensional 
drawings of primary and secondary 
samplers. The coal samplers are pro- 
vided with timers for automatic op- 
eration at intervals adjustable from 
1 to 30 min. 


(44) TRACTORS & RIPPERS: “Cut- 
ting Costs in Coal Mining” is Cater- 
pillar Tractor Co.’s 8-page booklet 
D925, which describes coal mine use 
of crawler tractors with rippers and 
dozers, wheel-tractor-scraper units, 
Traxcavators, wagons, and motor 
graders. 


(45) STEEL PIPE: Lightweight 
Swedish pipe is now available, ac- 
cording to Atlas Copco Pacific Inc. 
under special agreement with A. B. 
Alvenius Industries. Cold rolling 
from quality Swedish steel has made 
possible a thin-wall pipe with a 
strength of 104,000 psi. Illustrated 
literature is available from Atlas 
Copco. 


(46) POWER TRANSMISSION: A 
review of power transmission ma- 
chinery is presented in 8-page bul- 
letin A-706 from Dodge Mfg. Corp. 
Featuring Flexidyne dry fluid drives 
and Para-flex flexible cushion 
couplings, the bulletin also illus- 
trates pulleys, roller chain drives, 
etc. 


(47) ENGINE: A new 360-hp model 
B Tournapull has been announced 
by LeTourneau-Westinghouse Co. 
complete with new transmission. 
The engine is a GM turbo-charged 
6-cyl, 2-cycle diesel. 
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(48) BUCKET ELEVATORS: Two 
series of continuous bucket elevators, 
VC and GC are described in data 
sheets from Bucket Elevator Co. 
Both types feature a continuous 
gravity discharge where the back of 
the preceding bucket acts as a dis- 
charge chute. This design permits 
maximum capacity at slowest speeds. 


(49) CRANE: Shield Bantam Co. has 
announced availability of 12-page, 
bulletin T-350 on its 11-ton carrier- 
mounted crane-excavator, The com- 
plete line of Bantam-built crane 
carriers available for mounting is 
described, plus front-end attach- 
ments. 


(50) FEEDER: Bulletin 169 from 
Hewitt-Robbins Inc. illustrates the 
heavy duty Eliptex-Feeder, built to 
withstand tough service involving 
unusually large and heavy materials. 


(51) SHIELD: A hydraulic shield 
method provides temporary protec- 
tion from mine roof falls in freshly 
exposed areas near the face of a 
heading. The Dowty Rodjo shield is 
manufactured by Dowty Mining 
Eqpt. Ltd. Additional information on 
construction and availability is of- 
fered by the firm. 


(52) DRILL: Machinery Center Inc. 
has introduced a versatile crawler- 
drill-jumbo designed for use in 
tunnel or contract work. It can be 
mounted with one or two jibs for 
single or multi-hole drilling. 


(53) TRACTOR: Euclid Div.’s twin 
powered TC-12 crawler tractor fea- 
tures five design advantages, accord- 
ing to 24-page bulletin 606. Power 
on both tracks through independent 
drive, rigid track alignment, and 
oscillating main frames are a few 
specialties. 

(54) LOADER: High production 
loading—up to 1 cu yd of dirt per 
sec—is possible with the Ko-Cal 60- 
in. Pitloader from Koehring Califor- 
nia Co. Data sheets detail installa- 
tion, operation, and performance. 


(55) CRANES: Engineering data for 
overhead electric traveling North- 
ern cranes are explained by charts 
and tables in bulletin ED-205 from 


nection with preliminary building 
design, covering average conditions. 


and floor control beam girder low 
headroom cranes are listed with spe- 
cifications. 


(56) TELEVISED METALLOGRA- 
PHY: Adolph I. Buehler Inc. pre- 
sents closed circuit television for 
metallography giving large, brilli- 
antly illuminated images of excellent 
contrast from the metallograph. 
Large groups can examine the image 
in remote areas. 
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REVOLUTION |\ 
INPROCESS  \\ 


CONTROL! 


Analyzes materials 


content © XEG scans materials in production, 

Taletaaleler- | met laslelice 
writes an on-the-spot x-ray analysis 
of up to 5 elements simultaneously 


Here at last are means for wiping out a long-standing blind spot in 
process control: XEG allows moment-by-moment surveillance of 
materials composition, right on the production line — can detect and 
measure up to five elements at a time! XEG is a new and revolutionary 
x-ray emission gage — another exclusive product of General Electric 
“know how.” Lends itself to more applications than you can imagine. 
Reveals quality . . . delivers facts on composition for rapid-fire, con- 
tinuous feed-back to process control. Yet XEG requires no skilled 
operator! Ask your G-E x-ray representative for full details on poten- 
tials. Or simply write X-Ray Department, General Electric Company, 
Milwaukee 1, Wisconsin, Room ‘iE-94. 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 
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Four reasons why this NI-HARD 
cast drop ball is a smash hit! 


This Ni-Hard* cast iron drop ball is 
dedicated to along life “on the rocks.” 
Its service record — and that of other 
GIW Ni-Hard drop balls produced 
by the Special Products Division of 
Georgia Iron Works, Augusta, Ga.— 
has proved to be four times longer 
than that of any other type ball. In 
fact, most GIW Ni-Hard balls have 
replaced forged steel balls. Here are 
four reasons why: 


e Design. Notice the design of the 
ball. It has been quoted to be so well 
balanced that the operator is able to 
lift and drop the ball more times per 
shift. One operator stated that his 


overtime was eliminated when he 
started using Ni-Hard balls. 


e Abrasion resistance. Ni-Hard is 
one of the hardest commercial prod- 
ucts of the iron foundry, possessing 
outstanding abrasion resistance. 
This important property enables Ni- 
Hard balls to withstand the severest 
wear of the hardest rocks. 


e Strength and toughness. In addi- 
tion to abrasion resistance Ni-Hard 
drop balls are tough enough and 
strong enough to withstand impact 
in this most demanding operation. 
They resist breaking or chipping. 


NI-HARD 


e Economy. Only a Ni-Hard cast drop 
ball could be economically produced 
to take advantage of the money-sav- 
ing features mentioned above. And, 
of course, the long service life of 
Ni-Hard drop balls means greater 
operating economy. 

Put these Ni-Hard advantages to 
work for you. Next time you buy 
drop balls, get in touch with a Ni- 
Hard producer. There’s one near you. 
If you don’t have his name, write 
Inco for a list of authorized Ni-Hard 
producers. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street Allen, New York 5, N.Y. 


*Registered trademark 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Stockpile Under Study Again 

Government officials are once again scrutinizing U. S. needs for the materials 
stashed in the Federal stockpile. Last year it was determined that only about 
half the $8 billion worth of materials it contained were required due to a re- 
vised estimate of the duration of a nuclear war. Now planners think an upward 
revision may be necessary. A plan is also forthcoming that would make it easier 
for stockpile managers to dispose of surpluses. New legislation proposes a single 
inventory of materials surplus to the national stockpile to be known as the Ma- 
terials Reserve Inventory. No renewed buying is expected to result from the 
stockpile reappraisal and Congress is expected to be leery of granting authority 
that would eliminate present Congressional approval of sales. 


Inco Agrees to End Stockpile Sales Pact 

At the request of the Government, which has a surplus store of nickel in its 
emergency stockpile, International Nickel Co. of Canada Ltd. has agreed to 
break a contract that called for U. S. purchase of approximately 26 million lb 
of the metal. A premium price contract was also scrapped by Inco; by this agree- 
ment the Government would have paid Inco prices above market level for pro- 
duction from marginal ores. Inco, however, has been pushing a strong market- 
ing program for some time and a company spokesman expressed “no sales 
worry” over disposing of the metal involved. 


Anaconda Plans Iron Ore Pilot Plant 

Anaconda Co.’s Nakina, Ont., iron properties will be the site of a 100-tpd pilot 
plant, which has been scheduled for completion next winter. The company has 
so far not announced plans for production from its large tract in which two 
magnetite orebodies have been outlined. The ore is reported to grade 28 to 30 pct 
Fe and is amenable to open pit mining. 


Kennecott Improving Smelter 

An improvement and modification program to cost $10 million has been pro- 
posed by Kennecott Copper Corp. for its Utah Copper Div. smelter. A contract 
for engineering work already awarded involves conversion of the present pre- 
roasting process to a direct smelting process, use of car dumpers in place of 
clam-shell unloaders for concentrate, installing suspended brick roofs instead of 
silica brick in the three reverberatory furnaces, and installing new waste heat 
boilers. Further improvements may be scheduled. 


Coal Notes 

Outstanding stock of Sunnyhill Coal Co. of Columbus, Ohio, will be taken up 
by Peabody Coal Co., enabling Peabody to extend marketing areas. ... In a 
July story carried on this page, Philadelphia & Reading Corp. was reported in 
error as a producer of 350 million tons of coal waste annually. The tonnage cited 
should have referred to an accumulation of waste, not annual output. 


To Expand Moab Mill 

A $2 million contract for expansion of the Moab, Utah, mill of Uranium Reduc- 
tion Co. has been let to Western-Knapp Engineering Co. The expansion, re- 
cently authorized by the AEC, involves conversion of an existing acid circuit to 
a carbonate leaching circuit utilizing autoclaves. Completion is scheduled for De- 
cember. 
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This is the most economical 


Haulage cost, including maintenance on these S-D Automatic 
Bottom Dumping Cars, the locomotive plus labor for haulage, 
is less than 5¢ a ton! BUT, you might ask, how it is possible for bottom dumping 


mine cars to take such punishment? 


Can the hinge and latch mechanisms take the impact of 
shock loading? 


it doesn’t appear bottom dumping cars could have con- 
tinvity through the center. Then, isn’t the drawbar and 
buffing of the loads taken from the coupler out to the 
sides, through the sides and around them? 


Do the latch mechanisms and hinges, no doubt foolproof 
in coal or potash service, become hopelessly clogged when 
running through wet muck which contains clay, leached 
ore, etc.? 


The answer to all these questions is that S-D Auto- 
matic Bottom Dumping Mine Cars can be designed to 
meet any, all and every requirement. 


Let’s take those pictured on this page in operation in 
a hard rock mine, and give you the specific reasons in 
answer to your well put questions. Then mention the 
general advaniages of bottom dumping cars, such as 
automatic dumping without labor, which provide the 
most economical way to haul rock and ore. 


This car was designed more along the lines of coal cars. 


1. There haven't boon any door Gonseee 6 to tere came ees = “~v No special consideration was given for severe loading 
Soe, Se eS Ang. R.. > aor Uae ane am te conditions. The mine that purchased them had pre- 


high center of gravity, dumping members sticking out on the side of i i ; ; 
cars, wre. We invite’ you te ask these whe have experienced. the viously experienced 15 years of hard rock service with 
d di y and 


y of our S-D A ping Cars. similar S-D Automatics, also designed for coal service. 








After five years service, they 
are averaging 81, tons of hard 
rock and making more than 
12 turnovers per shift. One 
man, his locomotive and 10- 
cars-only in a trip frequently 
load from three different chutes 
and dump 125 cars in a shift. 


As we have reported, their 
haulage cost, including main- 
' tenance on both cars and loco- 

2. Note the Twin Unlocking De- » & by *) i 
viess prior to being valcod motive plus labor for haulage, 


remotely by operator from his = by ; is less than 5¢ a ton. 
locomotive. Pe ; : 





3. The Twin Safety Latches on ry AY ss wait 

$-D Automatics must be operated i. Aged : ia ites 5. This tee ial aieaien te . 
car in trip of 10-cars eS. on-the-move. but you may see image of door during 
Part of the Automatic Door Re-Lock the Automatic Re-locking action as 

Twin Unlocking Devices mounted Mechanism may be seen in lower part trip continves its non-stop dumping 

between rails at the dump. picture. and return for re-loading. 


870—MINING ENGINEERING, SEPTEMBER 1959 





way to haul hard rock and ore 


A few of the latches have been broken and a few of 
the trunnions have been bent during those five years. 
On repeat orders for cars to operate under similar serv- 
ice conditions, we are using T-1 Steel in the trunnions as 
well as a fabricated steel latch, which eliminate these 
minor, in-frequent repairs. 


Note that the car is otherwise designed for shock 
loading, having spring mountings. We have also fur- 
nished rubber mountings. 


The S-D Automatic’s Twin Jerk-Out mechanism is 
located well above the rail. As far as wetness of muck, 
the service has been severe, but no difficulty has been 
experienced. 


You may see in inset picture at right this S-D Auto- 
matic prior to shipment. You have here a photographic 
comparison of the car prior to installation, then after 
five years service. 


We can prove by mathematics, and can back mathe- 
matics with more than 40 years experience in building 
bottom dumping mine cars, that our 
car structure, as far as side sills, 
bumper construction, etc., is designed 
to take drawbar pull and buff of heavy 
trains. In fact, this construction is 
many times stronger than such items 
as tail bolt or standard link or pin. 


You will be interested in the S-D 
Automatic pictured below. Here is one 
of our designs for extremely heavy 
duty. Further it was developed to 
solve particular handling problems. 


The material this customer handles is very sticky and 
will not shed well. They had tried all types of cars, in- 
cluding side dump, rocker, gable, etc. They felt they had 
a better chance of getting the muck out of our S-D 
Automatic Bottom Dumping Car. Their judgment has 
proved correct. 


These S-D Automatics were designed with all flares 
on 60 degrees. Too, false bottom doors were furnished 
to also aid in clean shedding. 


They also wanted the largest possible car in drift driv- 
ing. This would cut down on car change. The S-D 
Automatic enabled them to obtain the greatest capacity 
for overall dimensions that could be let down the shaft 
without dismantling. 


Automatic couplers were shipped separately for mount- 
ing underground. 


The cars were equipped with 18” wheels with spring 
mounted trucks. 





Note special cam latch at rear end for full width door support. 


What we are discussing here is an S-D Automatic specifi- 
cally designed for hauling iron ore and tailor-made to a 
customer’s requirements. Some of the major specs on the car 
you may like to know are: 36” Track Gauge .. . 46” Wheel 
Base ... 15’ 6” long . . . Shipping Weight 9,440 Ib. 


Only bottom dumping mine cars effectively provide auto- 
matic, no labor, dumping. Only bottom dumping mine cars 
provide for such simple, low cost dumping facility. Too, S-D 
Automatics enable you to use large ore pass as surge bin to 
keep continuous supply of material for uninterrupted operation 
of mill . . . keeps mill and mining operations separate for 
efficient operation of each. 


We believe the two requirements to obtain the most eco- 
nomical haulage system are (1) Minimum capital investment 
in haulage system, and (2) Minimum direct operating costs. 


The reasons why S-D Automatics best meet these two re- 
quirements are: 
MINIMUM CAPITAL INVESTMENT— 
a. More tons per car per shift hauled (fastest 
car turnover ) which means LESS CARS needed! 


b. Maximum 

loading speeds 

(see inset pic- 

ture at right 

showing how 

cars pictured 

on page at left 

are loaded by 

locomotive 
operator himself. Note the remote controls. They can 
operate locomotive remotely, or S-D Hydraulic Car Spotter 
or S-D “Brownie” Hoist, and open and close the chute). 


c. Maximum dumping speed (automatic non-stop without 
labor) 


d. Maximum surge bin capacity (no loaded cars waiting at 
dump) 


MINIMUM DIRECT OPERATING COST— 
a. Automatic controlled loading 

b. Fewer cars and fewer locomotives 

c. Automatic Dumping (no men required) 


We hope we have pointed out here by actual case experiences 
answers to questions you have had . . . that you are satisfied 
immediate consideration should be given to these S-D Auto- 
matics .. . that you want to get in touch with us to discuss 
the matter in detail. Every haulage situation is an individual 
problem, and it is your situation we both are interested in at 
this moment. May we hear from you? Sanford-Day Iron Works, 
Inc., P.O. Box 1511... Telephone 3-4191, Knoxville, Tennessee 


SANFORD:DAY 


KNOXVILLE, TENNESSEE 
MINE CARS—all types . . . $-D Brakeman Cars... $-D Man Cars... 
$-D Hydraulic Car Spotters and $-D “Brownlie” Hoists . . . 5-D 
Automatic Loading Stations for mine and railroad cars . .. $-D 
“Floater” Wheels . .. $-D Mine Sheaves and Rollers . . . $-D 
exclusive Hard-Facing Process that puts old wheels back in opere- 
tion for years of additional service. 
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See the Traylor display at the CHEM SHOW, Booth No. 495 
New York Coliseum Nov. 30 to Dec. 4 


eocee Traylor - engineered 


Th ? ] . ROLLER SUPPORTS 


THRUST ROLLER MECHANISM WITH 
TWO BEARINGS SUPPORTING THE 
ROLLER TIED TOGETHER SO THAT 
A RIGID MOUNTING IS OBTAINED. 


° The outstanding roller support insures easy align- 
4 CRUSHERS JAW Cc ment, continuous operation and low maintenance 
of kilns. Traylor Rotary Kilns have all welded 
steel shells, feed and discharge end seals, heat re- 
cuperating chain systems for wet process kilns, im- 
proved kiln feeders, drives and many other reasons 
why a Traylor Kiln can do your job better. Write 
for Bulletin No. 1115 today. 


ENGINEERING & MFG. CO. 


1193 MILL $T., ALLENTOWN, PA. 
Sales Offices: New York — Chicago — San Francisco 
Canadian Mfrz Canadian Vickers, Ltd., Montreal, P.Q. 


ry 
x BALL MILLS ® SS 
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CALL THE MAN WHO 


makes your conveyor dollar 
carry more, last longer 


Here’s how you can be sure of top conveyor efficiency and economy: include a 
CHAIN Belt Conveying Engineer on your planning team. He’s well qualified 
in two ways to help your team find the right system for your specific needs: 
1. He offers you the industry’s most complete selection of belt conveyor com- 
ponents such as idlers, pulleys, bearings and take-ups — assuring the most effi- 
cient design for every application. 2. He’s an application expert — offering you 
many years of experience in selecting the right conveyor system for the job. 

As a result, you get top efficiency in your system and you save because you cut 
initial, operating and maintenance costs. You keep down time to a minimum 
with trouble-free operation and longer conveyor life. You move maximum tons 
at lowest cost. 

Whether you are planning a new system or expanding existing ur.its, call in 
your CHAIN Belt Conveying Engineer. He will help your planning team get 
better results. Contact your nearest CHAIN Belt District Office. Or write CHAIN 
Belt Company, 4794 W. Greenfield Ave., Milwaukee 1, Wis. In Canada: CHAIN 
Belt (Canada) Ltd., 1181 Sheppard Ave. East, Toronto. 





CONVEYOR SYSTEMS 
AND COMPONENTS 
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REX Conveyor 
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( nplete 





and Flat Idler « 


APPLICATION HINTS: 


Flexpipe helps meet tough piping problem 
in air conditioning an existing building 


THE PROBLEM: Air conditioning an exist- 
ing office building usually calls for a bit 
of ingenuity in design. One large New 
York office building decided to air condi- 
tion by making provision for packaged, 
water-cooled units to be installed on any 
floor as tenants required. 

This called for four 10-inch yisers, run- 
ning the height of the building, to carry 
pe water between the cooling tower 
and the branch pipes at each floor level. 
Because of structural conditions, the risers 
could not be run down through the base- 
ments and supported from below. The 
combined weight of pipes and the water 
was so great that they could not be an- 
chored at any one point on the structure. 

So the consulting engineers, Zimmer- 
mann Engineering, New York, floated the 
risers on spring hangers, distributing the 


r 


FLEXPIPE’S flexible core can be either tin 
bronze, hot dipped galvanized stee! or stain- 
less steel. End fittings (attached): flanges, 
threaded males and welding nipples. 


weight evenly over all floors. This meant, 
however, that the risers were free to 
move. A riser full of water weighs several 
tons more than an empty one and settles 
about two inches. 

Therefore connections between risers 
and branch pipes had to be flexible. They 
also had to have strength, because water 
pressure at the lower floors approaches 
400 psi. 

THE SOLUTION: Flexpipe connectors were 
the answer. They provided the flexibility 
and the strength required. Furthermore, 
they were available in the sizes needed 
—from 5” diameter at the lower floors to 2” 
at the top floors. 

WHERE TO BUY: Flexpipe connectors come 
in convenient standard sizes and are sold 
by leading distributors. They can show 
you samples and answer questions about 
service applications. For the name and 
address of the one serving your area, or 
for more detailed information, write to: 
Anaconda Metal Hose Division, The 
American Brass Company, Waterbury 20, 


Conn. In Canada: Anaconda American 


Brass Limited, New Toronto, Ont. 
58226 Rev. 


Flexpine: an ANACONDA’ product 





LOWER 
FLOORS 


10” RISERS 





SCHEMATIC DIAGRAM showing how cooling- 
water risers were installed. A: spring hang- 
ers. B: pipe clamps. C: Flexpipes. D: branch 
pipes at each floor. 1, 2, 3, and 4: risers, 
10 inches in diameter. Upper left: Photo 
of Flexpipe installation at a lower floor. 












15,000 feet and still going up > 


TTL iti 


Pikes Peak 14,110 feet » 


REX CEMENT MILL 
BUCKET ELEVATORS 


Higher than Pikes Peak .. . that’s the total footage of Rex Cement Mill Elevators 
which have been installed in the past five years. Here’s proof of the cost- 
saving, profit-adding advantages of this advanced concept in elevator design. 


Five years ago CHAIN Belt introduced this completely new idea in cement 
mill elevators...a concept based on the needs of modern cement mill opera- 
tions. It was radical...the first really new idea in bucket elevators in 20 years. 
Each component was individually designed and balanced with the strength 
of the others. The results: increased capacity...longer life...freedom from 
premature breakdowns...economy. 


Today more than 15,000 feet of these new elevators are working in cement 
mills all over the world...and the total increases daily. The new concept is 
so sound...so basically right...it has become a standard that others are still 
seeking to reach. For complete data on Rex Cement Mill Bucket Elevators or 
Elevator Components, write for Bulletin No. 3304. CHAIN Belt Company, 
4794 W. Greenfield Ave., Milwaukee 1, Wis. In Canada: CHAIN Belt 
(Canada) Ltd., 1181 Sheppard Ave. East, Toronto. 





CEMENT MILL 
BUCKET ELEVATORS 
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REX Rated Centrifus 
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At right installation of the 
Dorrco FluoSolids Reactor at the 
Atlas Fertilizer Corporation's 
plant, Toledo, Cebu, Philippine 
Islands. 


DORRCO 


FLUOSOLIDS 
SYSTEM 


pays off in pyrites roasting 


Two ODS diaphragm slurry pumps handle feed slurry from storage agitator 
tank. Dorr-Oliver design provides for operation of diaphragm with com- 
pressed air, eliminating mechanical linkage. Installation shown here provides 
for alternative operation of either pump, the other functioning as a perma- 
nently connected spare. 
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operation for Philippines fertilizer plant 


The world-wide recognition of the advantages of 
the Dorrco FluoSolids system for pyrites roasting 
is demonstrated in another installation now in 
operation for the Atlas Fertilizer Corporation on 
Cebu Island, Philippines Archipelago. This instal- 
lation is also a further example of the global char- 
acter of Dorr-Oliver service, since equipment and 
engineering were handled by D-O’s associate com- 
pany in Paris, France. 

The heart of the system, an 18’ I.D. FluoSolids 
Reactor is designed to roast up to 105 metric tons 
per day of 43% sulphur pyrites concentrates, pro- 
ducing strong SO, gas for acid manufacture. An 
associated contact acid plant produces 120 metric 
tons of 100% sulfuric acid daily. 

The Dorrco FluoSolids system is applicable to a 


wide range of roasting, calcination and drying oper- 
ations in the metallurgical and chemical industries. 
For information on its possible use in your particu- 
lar operation, write to Dorr-Oliver Incorporated, 
Stamford, Connecticut. If your interests include 
overseas plants, you may also find it worth while 
to consider the many possible savings and other 
benefits to be secured through the facilities offered 
by Dorr-Oliver’s international organization. 


Dorrco and FivoSolids—Reg. T.M. U.S. Pat Off 


7 PME? 


s$ramreeoeneeose €Gmmeectreeguwet 
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Your new plant 
or expansion idea 


Raw materials available? 
Market available? 
Location correct? 

Capacity adequate? 
Readily financed? 
Right time to build? 


Kaiser Engineers specializes in the 
design and construction of major fa- 
cilities used throughout the Minerals 
industry, and has world-wide experi- 
ence in design of such facilities. 


Among KE’s most valued services 
are sound, searching, economic analy- 
ses, feasibility studies and site and 
market evaluations. In a word—Pre- 
Engineering—impartial, outside an- 
alysis which helps you decide whether 
to proceed with, defer or modify the 
project. 

Kaiser Engineers offers you cost- 
saving, time-saving one-company 
service from concept through start- 
up. 


KAISER ENGINEERS 


Division of Henry J. Kaiser Company 
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Oakland 12, California 
Pittsburgh, Washington, D. C., Chicago, New York 


® KE projects include work in Australia, Brazil, Ghana, 
India, New Zealand, as well as Canada and the United 
States. Assignments include iron ore concentrating 
plants, cement plants, bauxite and alumina processing 
plants and diatomaceous earth facilities. 


5459.M 











Process Engineers, Inc., Division ~ The Eimco Corporation: 420 Peninsular Ave., San Mateo, 





Operating Flexibility Provided 
By Eimco-Process Thickeners 
At Canadian Uranium Mill 


Lifting devices that can raise or lower 
the entire mechanisms as much as 12 
inches while they are running are fea- 
tures of two 90 ft. dia. Type BX Eimco- 
Process thickeners at the mill of Milli- 
ken Lake Uranium Mines Limited, a 
member of the Rio Tinto group of 
uranium producing companies in the 
Algoma area of northern Ontario. These 
motorized devices provide operating 
flexibility in the washing circuit as they 
permit positive compensation for varia- 
tions in the feed rate and ore character- 
istics or, if necessary, for the use of the 
thickeners as storage units during plant 
upsets. 

Due to the corrosive nature of the 
leached pulp feed, each thickener mech- 
anism is fabricated of Type 316 ELC 
stainless steel. A truss superstructure, 
resting on external concrete columns, 
supports the drive and raking assem- 
blies. No hinged arms are used; when 
changes in the properties of the slurry 
tend to overload the mechanism, the 
complete raking assembly can be raised 
with the mechanism running, then 
gradually lowered as normal operation 
is resumed. 

In the same mill, two 45 ft. dia. 
Eimco-Process beam supported units, 
also with stainless steel mechanisms, 
are being used to thicken the uranimum 
yellow cake slurry. Their underflow 
goes to one of the Eimco drum filter 
stations described below. 





Rio Tinto Mill Also Uses 
28 Eimco Vacuum Filters 


To handle the many filtration prob- 
lems involved in converting low grade 
uranium ores into the basic fuel of the 
atomic age, this mill also has installed 
a total of 28 Eimco vacuum filters. 

Filtration equipment installed here 
includes drums, discs, and Agidiscs. All 
are high capacity continuous filters, and 


Acid leached ore is filtered by these high-capacity continuous drum filters 





are used for filtering acid leached ore, 
uranium precipitate and neutral pulps. 

Eimco equipment was chosen after 
first-hand observation of the fine per- 
formance of other Eimco filters in the 
area. Engineers at the mill had consid- 
ered all types of equipment, but decided 
that Eimco filters could provide lowest 


soluble uranium losses and freedom 
from operational difficulties for this ap- 
plication. 

180 Eimco filters are now operating 
in the Algoma uranium producing area 
of Ontario. Many more are in operation 
in other uranium mining areas through- 
out the world. 


SEPTEMBER 1959, MINING ENGINEERING—879 





When KW-Dart trucks are on the job, they 
stay on the job. Down time is reduced to a 
minimum because each KW-Dart and each 
component is engineered for its specific 

job requirement. 


KW-Dart has been building “tonnage- 
engineered” trucks since 1903. Performance 
figures, proving their rugged durability, 
are available for your study. 


This 25 ton KW-DART, Model 25SL, is the work . 
horse of the KW-DART line. In use internation- To reduce your maintenance costs and keep 


ally in a wide variety of applications, it is your trucks on the job, call for a KW-Dart 


known for high performance, low upkeep and : : 
economical operation. engineer to consult with you. 


Heavy duty off-highway and underground trucks—10 ton to 70 ton payloads. 


TRUCK CoO. 
> 





Subsidiary of Pacific Car and Foundry Company 
1301 North Manchester Trafficway P. O. Box 321 
Kansas City 41, Missouri, U.S. A. 149 
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‘ Steeceecececeee ON ANy under- 
yer ade eground loading and mining machine is 
@® your assurance of increased productivity 

“and lower production costs. 

This reputation didn’t just happen. It 
was and is being earned. Earned by prac- 
tical, advanced engineering. By superior 
rugged quality and craftsmanship by 
men who care By service that doesn’t 
end with delivery of your machine... . 
but continues for aii the long life of each 
piece of Eimco equipment and machinery 

serving operators around the World 

So why settle for less than the best? 
It costs no more to specify and buy the 
standard of quality in underground load- 
ing machinery and equipment. . Eimco 
Quality 

For details, specifications or qualified 
engineering assistance, please contact 
The Eimco Corporation, P. O Box 300, 
Salt Lake City 10, Utah, U.S.A. 


630 EXCAVATOR 
“ADVANCED ENGINEERING AND QUALITY CRAFTSMANSHIP SINCE 1684” 
MINING 


EQUIPMENT 
THE EIMCO CORPORATION DIVISION 


534 TH 47H WEST 
B- 469 
EXPORT OFFICE: 51 - 52 SOUTH STREET, NEW YORK, N. Y SALT TY, UTAH S.A 


BRANCHES AND DEALERS IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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HEFFIEL 
S o 0 


COPPER-MOLYBDENUM-ALLOY 


Grinding Balls 


Standard of Comparison for FINE GRAIN STRUCTURE 


You can see, even without magnification, the finer, denser grain structure of 
Shefheld Moly-Cop balls. The uniformity, hardness and toughness of this grain 
structure extend to the very core of the ball. It’s the standard of comparison 
in grinding ball performance tests. And a big reason why you'll get longer 
service, less down-time, and other important production economies with 


Shefheld Moly-Cop Grinding Balls. 
SHEFFIELD DIVISION = 


ARMCO STEEL CORPORATION 


OTHER DIVISIONS AND SUBSIDIARIES: Armco Division + The National Supply Company + Armco Drainage & Metal 
Products, inc. » The Armco International Corporation » Union Wire Rope Corporation +» Southwest Steel Products 
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— CYANAMID _- 


i 


REAGENT NEWS 





“ore-dressing ideas you can use” 





CYANAMID OF CANADA LIMITED 
160 Bloor Street East, 
Toronto 5, Ontario, Canada 


CYANAMID DE MEXICO, S.A. 
Apartado Postal 283 
Merico 1, D.F., Mexico 


CYANAMID OF GREAT BRITAIN LTD. 
Bush House, Aldwych, 
London W.C. 2, England 


OUTH AFRICAN CYANAMID (PTY.) LTD. 
P.O. Box 7 


Johannesburg, Union of South Afvien 


E. P. CADWELL 
Casilla 4393, Belen 1048, 
Of. 7, Lima, Peru 


CYANAMID AUSTRALIA PTY. LTD. 
Atlas Building, 406 Collins Street 
Melbourne, Australia 


CYANAMID (FAR EAST) LTD. 
506 Nikkatsu International Bldg. 
Yuraku-Cho, Tokyo, Japan 


Cyanidation Process Chemicals 
Flotation Reagents 
Flocculating Agents 
Film Forming Agents 
Surface Active Agents 
High Explosives 
Permissibles 
Seismograph Explosives 
Blasting Agents 
Blasting Cape 
Electric Blasting Caps 
Blasting Accessories 
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see how fast solids settle 
with new 


SUPERFLOC’16 


FLOCCULANT 


Plant tests prove SUPERFLOC 16 outperforms 
previous flocculants for solid-liquid separations 


IN COAL PREPARATION 

As little as 1 lb. per hour drip fed as a 4% solution can treat up 
to 10,000 gallons of wash water per minute. Agglomerating wash- 
water fines into large, fast settling flocs, SUPERFLOC 16 increases 
thickener or settling pond capacity, minimizes stream pollution, 
assures clear effluent or recycle water, frequently pays for itself 
in additional fine-coal recovery. 


IN URANIUM OPERATIONS 

Incredibly small amounts fed to the leach pulp improves settling 
and filtration rates; assures clearer thickener overflow. SUPERFLOC 
16 reduces soluble loss in thickened solids or filter cake, prevents 
sand slime separation in the thickener, gives higher pulp density in 
the thickener underflow. 


WRITE FOR THIS FREE BULLETIN 


Write for technica] bulletin describing SUPERFLOC 16 and AEROFLOC® 
Reagents, working sample and full instructions for conducting your 
own plant test. 

*Trademark 





AMERICAN CYANAMID COMPANY 


EXPLOSIVES AND MINING CHEMICALS DOEPARTMENT 





CYANAMID INTERNATIONAL — Mining Chemicais Department 
Cable Address:—Cyanamid, New York 


30 ROCKEFELLER PLAZA, NEW VYORK 20, WN. Y. 





Massco- Grigsby 
Pinch Valves 


for abrasive and corrosive 
pulps and liquids 


serve os “hinges” during 

reduce strain and permit tight closing. 
@ Unobstructed flow eliminates high 

friction loss. 


®@ Split flanges and patented Flex Seal 
ends assure perfect seal. 


@ 1” to 14” inside diameter. 
© Pressures to 150 psi. 
@ Temperatures to 200° F. 
® Cannot leak or stick. 


® No working parts in contact with pulp 
or liquid; no packing glands. 
® Remote contro! available. 


Wilfley Concentrating 
Table 


many profitable 
applications 

in modern 
metallurgy 


the genuine WILFLEY TABLE, as manufactured by Mine & 
Smelter, has been an important factor in the success of many 
metallurgical processes for years. There are still many appli- 
cations where the Wilfley Table is of particular value and 
cannot be equalled for conomical and efficient performance. 
Some of these are... 


@ Before or after flotation for recovery of mineral not 
readily recovered by flotation. 


@ As pilot tables following flotation to indicate efficiency of flotation. 


@ To concentrate low grade mineral producing a high grade 
concentrate for further treatment. 


@ To wash and clean inferior coals, iron ore, etc. 
In metal and reclamation plants. 


@ For two or more mineral separations from flotation concentrates, 
previous table concentration or from original table feed. 


The Wilfley Table has an easily adjustable stroke from 54" to 1”, 
a speed range from 240 to 300 strokes per minute, an adjustable 
table inclination from zero to 1” per foot, and a selection of 
wood riffles of various depth and taper ... all of which permit a 
flexibility to best meet the conditions of each application. 


Wilfley Tables are available in two commercial sizes and two 
laboratory sizes. Drives available include: flat belt, constant 
speed V-belt, variable speed V-belt, variable speed motor drive. 
The tables may be equipped with steel channel understructure, or 
with base for mounting on concrete piers. 


Manufacturing Division 


THE MINE AND SMELTER SUPPLY CO. 


DENVER 16 NEW YORK 17 
122 E. 42nd STREET 


3800 RACE STREET 


SALT LAKE CITY 1 EL PASO 
121 W. 2nd §$ P.O. BOX 1162 


LICENSED MANUFACTURERS AND SALES AGENTS Talelele mm VUES Swed 


SALES AGENTS Per f 
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LPOUR 


OKOTOKS marks another step in the 
steadily broadening service being 
developed by TGS for industries in the 
States and Canada. Production from 
OKOTOKS, sitting on top of the vast 
“sour gas’ field a few miles south of 
Calgary, Alberta, will add a significant 
tonnage to the supplies of Sulphur 
already available through TGS to the 
expanding industries in the Pacific 
Northwest. OKOTOKS is set up to make 
shipments of Sulphur in solid or 

molten form. 


TEXAS GULF SULPHUR COMPANY 
75 Eost 45th Street, New York 17, N.Y. 

811 Rusk Avenue, Houston 2, Texas 

Sulphur Producing Units: 

Newgulf, Texas « Spindletop, Texas * Moss Bluff, Texas 
Fannett, Texas » Worland, Wyoming 

Okotoks, Alberta, Canada 
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JAW CRUSHERS 


Long life—dependable service—low maintenance—mini- 
mum power—high production—make KENNEDY Jaw 
Crushers the first choice of all who buy because of proven 
performance and low year-to-year cost. 


Exclusive features of the KENNEDY Jaw Crusher 


e Cast Meehanite or steel frame. 


Counterbalanced flywheel lifts pitman at bottom of stroke. 
Makes starting easier. 


Spiit frame design distributes stresses evenly. 
There can be no failures at the corners. 


No loss of power due to ‘‘weaving"’ and misalignment common 
to ordinary 4-piece crusher frames. 


Rocking toggles require no lubrication. 


Each jaw bears exactly half the load because both are mounted 
at the same angle. No power is wasted in lifting the charge. 


The KeNneby Overhead Eccentric Jaw Crusher features Jaw plates are interchangeable and reversible. Shaft is 
a massive, one-piece, arc welded steel plate frame, and integral with swing jaw. 


is available in standard sizes from 10” x 36” to 36” x 42”. * Available in standard sizes from 7” x 10" to 66" x 84". 


Send for complete information on KENNEDY Crushers. 


KENNEDY VAN SAUN 


MANUFACTURING & ENGINEERING CORPORATION 


405 PARK AVENUE. NEW YORK 22. N.Y. * FACTORY: DANVILLE, PA. 


Primary & Secondary Gyratory Crushers e Jaw Crushers e Roll Crushers « Impact Breakers e Hammer Mills Rod & Ball Mills ¢ Kilns ¢ Dryers « Screens 
e Mechanical & Pneumatic Conveyors « Complete Crushing, Lime, Cement & Carbon Paste Plants. KENNEDY Research & Testing Service. 
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Here's proof Coromant rope-thread bits and steels 
SAVE TIME AND MONEY 


“Up to double the footage between sharpenings!” 
“Premature rod breakage is almost non-existent!” 
“40% more usable life—more resharpenings!” 
“Bit and rod life are well above average!” 


“Uncouple by hand all the time!” 
“More rigid—drills straighter holes!”* 


*Names of men quoted available on request 


The comments above are actual quotes from project man- 
agers, job superintendents, and drill superintendents who 
have tested new Coromant rope-thread bits and steels. 
They’ve learned, on-the-job, the benefits they—and you—can 
expect! 


For example: The new rope-thread (only two turns per inch) 
holds tight in use, yet permits hand uncoupling. Reports 
show that the time saved results in more footage drilled per 
shift. Bit footage is well above average too, with less loss of 
carbide inserts. Prime quality ore plus nickel-chrome alloy 
permits cold-rolling from billets for greater strength, life 
and rigidity. And only with Coromant rope-thread steels can 
you re-thread without heat treating, too. Do it yourself, or 
at any nearby machine shop. 


Want to know more? There’s no obligation on your part, but 


we'll be glad to help where we can. Just call your nearest 
Atlas Copco Office, or write to us at Dept. ME-7. 


Stlas Copco 


610 Industrial Avenue 930 Brittan Avenue 


Paramus, New Jersey San Carlos, California 
COlfax 1-6800 LYtell 1-0375 
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This Cat No. 12 Motor 


Grader works 16 hours a 


day, 6 days a week, all 
year round for the Tecum 
seh Coal Corp., Boonville 
Indiana. Its many jobs vary 
from cleaning up coal to 


elacleilile Mule Maelelets 


LOOK! THESE IMPROVEMENTS IN THE No. 12 
PAY OFF IN EVEN HIGHER PRODUCTION! 


Increased throat clearance 
and final drive 


‘ 

Since it was introduced twenty-one years ago, the 
Caterpillar No. 12 Motor Grader has earned the title 
“standard of the industry.” Constant improvements have 
kept it the undisputed leader in its class. Here are the 
latest improvements that enable you to get even more work 
at lower cost with less maintenance from this high-pro- 
duction machine: 


1 Clearance between the top edge of the blade and 
bottom edge of the circle has been increased to 5 INCHES. 
This provides improved rolling action, allows more ma- 
terial to move across the blade for greater production. 


2 Blade thickness has been increased to 7% inch and 
blade beams have been increased in length and thickness 
to handle heavier loads. Lift arms have been lengthened 
and links shortened to enable operator to obtain all blade 
angles more easily. Circle reverse gear housing has been 
redesigned for better clearance as well as to increase the 
life of components and make service adjustments easier. 


3 There’s a new, stronger one-piece case for the trans- 
mission and final drive. This eliminates possible leakage 
at gaskets. In addition, transmission bearings have been 
strengthened for longer gear life. 


4 New mechanical controls for reduced kickback, 
easier engagement. New power control clutches have two 
teeth, instead of four, and improved contact angles. They 
are more positive to engage, easier to hold in position. 


5 New blade controls feature a positive mechanical 
lock—exclusive with Caterpillar. When the control is in 
neutral, the power shaft is locked by a set of gear teeth 
to prevent creeping. 


New blade, lift and circle 
New, two-tooth power control clutches 


One-piece case for transmission 
New, positive mechanical lock 


See the improved No. 12 at your Caterpillar Dealer. 
Whatever the job, he has the right capacity motor grader 
for it. Besides the 115 HP No. 12, there’s the big new 150 
HP No. 14 and 75 HP No. 112. Ask for a demonstration! 


Caterpillar Tractor Co., Peoria, Illinois, U.S. A. 


CATERPILLAR 


of Caterpifias Tractor Co. 


with 
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FIRE AWAY! 


We are not being lazy this month, just discriminating. We 
will also try to give credit where credit is due. The material 
below is from Chairman Wayne Dowdey’s letter to the Divi- 
sion in the latest issue of the MBD Newsletter. Through this 
channel it will reach a wide audience, but we think it de- 
serves an even wider one, since the principal points apply 
to any group in SME. 

“. .. We MBD’ers must remain fired with enthusiasm— 
enthusiasm for useful activities and responsible participation 
in Division affairs. Every man’s effort is important—however 
large or small. 

“Following are some of the things we as members can do 
to nurture this MBD Fire: 

1) Be a one-man membership committee—get at least 
one new MBD-AIME member this year. Give our Mem- 
bership Committee your valuable help. Make this com- 
mittee the largest in the Society by full membership par- 
ticipation. 

2) Back up and prod your General Committee, offering 
suggestions that are constructive. 

3) Keep the pot boiling with your financial help. MBD 
has over 1800 primary members. Send in your Buck-of-the 
Year and your finances will be in good shape. The MBD 
Newsletter can then be published three times each year. 
It is our forward line of communications. The prestige of 
professional membership is surely worth more than one 
dollar per year. 

4) Bea one-man Public Relations Committee for your 
professional organization. Sell MBD, SME, and AIME. 
Your professional standing will be proportionately en- 
hanced. Our individual public relations attitude and prac- 
tices are important to AIME. 

5) Sell the engineering profession to young students 
—especially sell the mineral engineering phase. In this 
way we ensure the future growth of the mining profession 
and business. 

6) Attend local AIME meetings and national meetings, 
if possible. 

7) Sell your management on the worth of your profes- 
sional society. 

8) Volunteer for committee activity. 

“When you can do this sort of thing with energy, confi- 
dence, and resourcefulness, you have displayed real interest 
in your professional society. No successful organization is 
a static, lifeless entity. It is a dynamic, growing structure 
built upon the thoughts and feelings of people—people who 
work, create, and give their best.” 

Let’s hope this is a sample of the fire and enthusiasm of 
all Divisions of SME .. . Let’s all fire up our enthusiasm. 
—Rizxford A. Beals 
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How AMSCO helps you MOVE 





Left: Bucyrus Erie 88B shovel used for 
rock excavation at Conduit #2 South. Dip- 
per equipped with Amsco Simplex Teeth. 


Right: General view of Conduit #2 South 
project showing rocky terrain in which 
Gull & Defelice Construction Co. operates. 


Left: Amsco Dipper on Marion 5-yard 
shovel, loading cars at mine. In loading 
ore, these dippers average 6,300 tons per 
8-hour shift. ..5,000 tons per shift in 
working waste material. 


Right: General view of the huge mining 
operation. The ore mined is generally 
porphyry. Overburden is highly silicious, 
composed of silicified limestone and 
quartzite. 

















40,000 YARDS OF ROCK 
HANDLED BEFORE AMSCO 
2-PART TEETH NEED REPLACING 


Gull & Defelice Construction Co. is work- 
ing on Section 3 of the powerhouse con- 
duit project — excavating 140 feet deep, 
almost entirely in rock. All five power 
shovel dippers on the job are now 
equipped with Amsco Simplex 2-Part 
Reversible Teeth. 

These dippers work 16 hours a day, 6 
days a week for 2 weeks—handle approxi- 


THEY USE AMSCO DIPPERS 
.-»- FOR HIGH-SHOCK, 
HIGHLY ABRASIVE DIGGING 


This huge copper mine operates the 
largest collection of big power shovels 
(5 yards and up) in the world. For this 
rugged service they use Amsco dippers 
to strip off extremely abrasive overburden 
... handle waste material... and load 
copper ore. These are cast manganese 


MORE TONS PER DOLLAR 


Read these user reports on how 
AMSCO Dippers and Teeth perform 
in rugged digging service 


mately 40,000 yards of rock—before 
tooth replacement is required. 

Says Mike Cazzolla, Equipment Super- 
intendent, in talking about the Amsco’ 
teeth: “They’re built rugged and take a 
lot of punishment from the rock. We get 
longer wear out of them because we can 
turn them over.” He’s referring, of course, 
to the reversible tip feature. 

John Cazzolla, Master Mechanic, adds 
the important fact that they can replace 
these teeth in ten minutes with no 
trouble. This feature, together with the 
longer wear, means important savings 
in downtime. 


steel dippers — built for toughness, high 
abrasion resistance and long service life. 


For rugged digging anywhere 


... wherever high impact and abrasion 
are problems, you'll “move more tons per 
dollar’ with Amsco Manganese Steel 
Dippers and Simplex 2-Part Reversible 
Teeth. See your power shovel equipment 
dealer for sizes and types available. Or 
write us direct for technical bulletins on 
Amsco Dippers and Simplex 2-Part Teeth. 





AMSCO 


American Manganese Stee! Division «+ Chicago Heights, tii. 











Other Piants In: Denver + Los Angetes + New Castie, Cela. + Oakiand, California + St. Louis 


in Canada: Joliette Stee! and Manitoba Stee! Foundry Divisions 
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SynchroTouch 


HOW IT WORKS 


ee, an ee san 2 pene 
end is activated and controlled electrically. When the desired gear is 
dialed, the following sequence occurs on an upshift in a split second: 


1. Control Unit signals master clutch to disengage. 
2. Control Unit signals hydraulic 
Shifting collar is disengaged from present gear. 


3. Generators notify Control Unit when transmission is synchronized for 


shift (shifting collar and desired gear at same RPM). 


ee eae EE ene geen Shifting 


engages new gear. 


5. Control Unit signals master clutch to re-engage. SHIFT COMPLETE. 


system to shift transmission to neutral. 


DIAL A GEAR 


FOR TOUCH AND GO SHIFTING 


Now Caterpillar research gives you an advanced new 
way to shift gears. Operator simply dials desired gear. 
Split-second shifting. Available for DW20 and DW21. 


From Caterpillar’s No. 1 Project* comes one of the most 
important earthmoving developments of recent years— 
SynchroTouch Transmission Control. This remarkable ad- 
vance combines economical direct drive transmission with 
the easiest, fastest shifting imaginable. 


SynchroTouch Transmission Control is an optional ar- 
rangement for Cat DW20 and DW21 Tractors that permits 
effortless shifting of transmission gears by means of a gear 
selector conveniently placed near the operator’s right hand. 


To shift up or down, the operator simply moves a 
selector switch to the desired gear. In less than a second 
it is engaged. The standard foot clutch is retained, but it 
is used only when starting from a standstill. 


Fully job tested in the field, SynchroTouch Transmis- 
sion Control is ready now to give you these benefits: 


1, Faster shifting—for faster cycles, more payloads per 
hour. 2. A significant reduction in operator fatigue—for 
higher daily production. 3. Economical direct drive trans- 
mission—uses standard DW20 and DW21 transmission and 
clutch components. 4. No special maintenance required. 


Add SynchroTouch Transmission Control to either the 
new DW20 or DW21 Series G, and you have the last word 
in modern, high-speed, efficient earthmoving. 


Both of these outstanding Caterpillar wheel-type Trac- 
tors are delivering more horsepower (345 HP), more rim- 
pull and greater capacity than ever before. Now see them 
in action with the SynchroTouch Transmission Control! 


Call your Caterpillar Dealer today — and ask for a 
profit proving demonstration. 


Caterpillar Tractor Co., Peoria, Illinois, U.S.A. 


*Caterpillar's multimillion-dollar research and development program -—to 
meet the challenge of the greatest construction era in history with the most 
productive earthmoving machines ever developed. 


CATERPILLAR 


Catespeiter and Cat are Registered Trademarks of Caterpiiiar Tractor Co 





Paley Report Series—No. 2 


LIGHT METALS— 
PREDICTION AND PERFORMANCE 


t is a pleasure to report that the light metals in- 

dustries are running well ahead of the growth 
schedule projected by the President’s Materials 
Policy Commission. 

In the compilation of this survey on the five-year 
growth of our light metals industries, some gratify- 
ing facts come to light. By 1956, for instance, light 
metals consumption had increased more than 20 pct 
beyond Paley report expectations—a growth not an- 
ticipated by the study until the year 1960. 

To get a better view of the road ahead it will help 
to summarize some of the factors underlying this 
unexpected acceleration of the light metals indus- 
trial growth. 

The Paley committee actually made no near-term 
projections. Its predictions were for the year 1975— 
still some 20 years hence. For the purposes of this 
article an average annual implied rate of growth has 
been calculated for use in making actual compari- 
sons for the five-year period under discussion. 

Aluminum has been the star performer in light 
metals. It would seem that like Shakespeare’s Cleo- 
patra, “she makes most hungry where most she 
satisfies.”” More than any of the light metals, alumi- 
num has far outdistanced the Paley predictions. 
Aluminum will be the primary subject of these com- 
ments, but first let us review briefly the almost 
equally dramatic growth of the other light metals. 


MAGNESIUM 

Magnesium, until now, has been important mainly 
for chemical and metallurgical uses, and as an 
alloying element with aluminum. But the age of 
the Sputniks and Explorers has assigned a new im- 
portance to this metal. Its light weight (35-pct 
lighter than aluminum) is winning it a key role in 
the production of high-speed planes, missiles, and 
rockets. 

Magnesium’s low corrosion resistance, low tensile 
strength, and resistance to cold working have lim- 
ited its structural applications to extrusions and cast 
forms in which weight savings are of critical im- 
portance. 

In spite of these limitations, however, consump- 
tion of magnesium metal increased from 26,000 tons 


W. L. RICE is President, Reynolds Mining Corp., Bauxite, Ark. 





by WALTER L. RICE 


in 1950 to 64,000 tons by 1956. This represents an 
annual rate of growth of 14 pct, in comparison to 
the Paley report expectations of from 6 to 16 pct. 

Structural applications are not the only, or even 
the most important, uses for magnesium metal. Al- 
most a third of the total magnesium consumed in 
1956 was in the form of a raw material needed in 
producing two other light metals—titanium and 
zirconium. 

As the study pointed out in 1952 the future 
growth of magnesium is tied to the development of 
new technology needed to widen the range of its 
uses. Certainly there is no raw materials problem in 
the case of this metal. Magnesium is recovered 
economically from sea water and its reserves are 
almost limitless. 


TITANIUM 

Titanium usage has not developed steadily, but in 
dramatic spurts. Annual titanium sponge production 
soared 80 pct from 500 tons in 1951 to 12,000 tons in 
1956. Recent difficulties have stunted estimated 1958 
consumption to about 3000 tons. Even so, this figures 
out to an estimated annual growth rate of around 
30 pct, comparing favorably with the Paley expec- 
tations of 30 to 40 pct annually. 

Further expansion of titanium usage is retarded 
primarily by costly recovery and fabrication pro- 
cesses. Up to now, the metal has found widest use 
in intermediate-speed aircraft. It has the strength 
and toughness of steel, coupled with superior corro- 
sion resistance and light weight—only 60 pct the 
weight of steel. In the temperature ranges between 





e This is the second article in a MINING ENGI- 
NEERING series of reappraisals of the Paley re- 
port, seven years after its issuance. Like last 
month’s report on iron and steel, this assess- 
ment of the light metals industry proves the 
Paley commission findings to have been an ad- 
mixture—highly perceptive and accurate in 
some areas and overly conservative and mis- 
taken in others. 
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Pouring a magnesium sand casting. 


400 and 800°F experienced with intermediate speed 
aircraft, titanium offers significantly more strength 
per given weight of material than any other avail- 
able metal. 

But titanium’s advantages for aircraft applica- 
tions are diminishing as flying speeds and operating 
temperatures increase beyond the metal’s efficient 
working range. For this reason, the lower cost of 
stainless steel surfaces combined with internal alu- 
minum structural members is now diverting interest 
from titanium in aircraft. 

This is not intended as pessimism about titanium’s 
future but is only an attempt to account for the 
metal’s disappointing performance during the last 
year. Certainly, titanium raw materials are plenti- 
ful. The metal has unique structural properties and 
other advantages. There is every reason to believe 
that once the technical production and fabricating 
problems have been solved and a more competitive 
price structure is achieved, the optimistic expecta- 
tions of the Presidential committee will be fully re- 
alized. Progress is being made. 

An electrolytic scrap recovery process yielding 
ductile titanium is under development by Mallory- 
Sharon. The Bureau of Mines has a fused-salt electro 
refining process in the pilot plant stage. With the 
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successful completion of these and other develop- 
ments, titanium is sure to play an increasingly im- 
portant part in the light metals age. 


ZIRCONIUM 

Zirconium is not light in weight. Its density is 
comparable to that of steel. But it is ordinarily con- 
sidered a member of the family of light metals be- 
cause it is manufactured by the Kroll magnesium 
reduction process which is also used for making ti- 
tanium. 

The Paley committee anticipated a mounting need 
for zirconium in nuclear and high temperature ap- 
plications, but made no quantitative forecast beyond 
the expectation that zirconium would be a small 
tonnage metal. In 1950 zirconium usage totaled 25 
tons. As recently as 1956 this had grown to 250 tons. 

But present and planned capacity will boost pro- 
duction to some 3000 tons to meet the growing needs 
of atomic submarine production and nuclear power 
developments. So zirconium, too, looms large in our 
industrial future. 


ALUMINUM 

10-Pct Annual Growth Instead of 7: In 1950 an- 
nual aluminum consumption was about 1 million 
tons. At that time the Paley committee foresaw an 
average annual increase of about 7 pct. Before the 
recent business recession, aluminum consumption 
actually had risen some 10 pct annually to a peak 
usage of about 2 million tons in 1956. In short, con- 
sumption doubled between 1950 and 1956. 

Essentially, changes in the pattern of consumption 
have been along the lines anticipated by the com- 
mittee. For example, the committee rightfully pre- 
dicted that the most important areas of growth 
would be in the building and construction, transpor- 
tation, and electrical industries. In the building and 
construction field, aluminum usage increased from 
21 pct of the total demand in 1950 to 23 pct in 1956. 
In transportation, usage moved up from 17 pct of 
total demand in 1950 to 19 pct in 1956. And in power 
transmission and electrical applications, aluminum 
usage jumped from 6 pct of total demand in 1950 to 
13 pet in 1956. 

Two highly important factors have both risen out 
of and in turn contributed to this marvelous growth 
of aluminum consumption: increased competition 
and adequate supply. 

Increased Competition: In 1950, 50 pct of the in- 
stalled capacity of the U.S. aluminum industry was 
owned by one company, Alcoa. And total U. S. 
capacity was controlled by only three companies— 
Alcoa, Reynolds, and Kaiser. Today, by contrast, 
there are six primary aluminum producers, no one 
of which controls much more than a third of the 
total capacity. Such breadth of ownership certainly 
makes for a healthy competitive climate in this basic 
industry. And this free competition has been and 
will continue to be the prime factor in developing 
new markets for aluminum. 

Aluminum Abundance: In 1950, the year of the 
Paley report, the primary aluminum consumption 
(as distinguished from the total, which includes 
scrap) of 719,000 tons almost perfectly balanced the 
available capacity of about 720,000 tons. This was, 
on the one hand, a desirable situation. On the other 
hand it proved a very real drawback to the expan- 
sion of aluminum uses, The lack of an assured rea- 
sonable excess of capacity over demand retarded 
otherwise desirable conversions to aluminum in 
many fields—in the automotive industry for ex- 





Use of aluminum for this automatic transmission casing cut the weight of one 1959 model car by 50 lb. 


ample. There was the danger, in the minds of those 
concerned with insuring adequate supplies in these 
fields, that a shortage might induce price rises which 
could wipe out the economic advantages aluminum 
offers at established price levels. 

Since then the aluminum industry has coura- 
geously installed capacity sufficient to insure that, 
under normal demand situations, there will be no 
shortage of the metal. 

Peak U. S. aluminum consumption, in 1956, was 
around 2.1 million tons. After allowance for scrap, 
this figure adjusts to 1.9 million tons. Current in- 
stalled capacity is almost 2 million tons, with an 
additional 0.6 million under construction. Thus total 
estimated U. S. primary capacity by 1960 will be 
about 2.6 million tons. 

In addition, Canada has an installed capacity of 
800,000 tons. This will soon increase to 900,000 tons. 
Estimates of 1960 maximum primary aluminum re- 
quirements run optimistically to around 2.7 million 
tons, or a total aluminum consumption, including 
scrap, of around 3.1 million tons. In short, there is 
currently installed or under construction in North 
America, sufficient primary capacity to dispel any 
fear of an aluminum shortage in the years immedi- 
ately ahead. 

Forecasts Too Conservative: On the whole the 
Paley commission did an excellent job in forecasting 
the growth and problems of the light metals indus- 
try. The only serious criticism that can be made at 
the present time is that their forecasts of growth 
were too conservative. For example, they forecast 
the 1975 U.S. aluminum consumption at about 4.5 
million tons annually. Reynolds Metals Co. made a 
careful study of its own, forecasting the expected 
growth of more than 20 major U.S. industries. Study 
of the potential for aluminum in more than 80 major 


applications indicated that if the U. S. economy 
doubles between now and 1975, as is generally ex- 
pected, domestic aluminum consumption can show 
a five-fold increase from current usage of 2 million 
tons to a 1975 annual usage approaching 10 million 
tons—or twice the Paley report forecast. 

Major Areas of Aluminum Growth: In 1955, 250,- 
000 tons of aluminum went into the electrical indus- 
try. The aforementioned study points to a quadrupl- 
ing of this annual consumption to over 1 million tons 
by 1975. This growth will result from the tremen- 
dously expanding power needs of this country, more 
and more mechanization in homes and industries, 
and an even deeper penetration by aluminum into 
electrical applications now served by other materials. 

In the transportation field—cars, trucks, aircraft, 
railroad equipment, boats, and ships—the amount of 
aluminum used annually will probably surge from 
the 400,000 tons of 1955 to 3 million tons in 1975. A 
seven-fold increase would make transportation the 
largest single market for aluminum. Already our 
highest hopes for aluminum in this market are being 
borne out. Recently Detroit announced the success- 
ful testing of all-aluminum automobile engines. 

In architecture and construction the aluminum in- 
dustry anticipates a four-fold increase of aluminum 
usage from the current half-million tons to 2 million 
in 1975. This forecast too is well on the way to ful- 
fillment. 

Military markets for the metal are more promis- 
ing than ever, too. In the past, military uses of 
aluminum were confined primarily to aircraft. But 
with the advent of the intercontinental ballistic 
missile, the pentomic army, and the need for rapid 
global airborne movement of entire divisions, alu- 
minum becomes a more strategic material than ever 
before. 
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Bauxite Reserves Mushrooming: One may well 
ask where all the bauxite is to come from to support 
this continuing rapid expansion of low-cost metal. 
Those familiar with growth projections for the Free 
World’s aluminum industry know that a four-fold 
growth is expected by 1975. The present annual pro- 
duction of 3 million tons of metal requires about 12 
million tons of bauxite. By 1975—which is only 16 
years away—the Free World aluminum industry 
may well require 40 million tons of bauxite or alu- 
minous ores such as clay to sustain itself. 

Obtaining that amount of ore will be no problem. 
Bauxite reserves have been growing so tremen- 
dously in recent years that there will be no shortage 
for generations to come. 

For example, in the nearby Caribbean countries 
and northern areas of South America, USBM con- 
servatively estimates reserves at about 900 million 
tons. 

In Free Europe there are at least 500 million tons, 
and if low-grade bauxite is included, the reserves 
more than double. Huge round numbers like 2 bil- 
lion tons have been mentioned as estimates of the 
reserves of Guinea in Africa and a similar amount 
for the reserves of Cape York in Australia. 

It makes little difference whether those figures are 
correct or whether they are exaggerated ten-fold. 
They represent enough bauxite within reach of 
ocean transport to piece out the Free World’s re- 
quirements for a long, long time. 

And all of these reserves are usable in plants now 
in existence on both sides of the Atlantic, for the 
world’s aluminum industry has developed great 
versatility in handling various types of bauxite. 

Thus we have become more liberal about miner- 
alogical composition, and have put special emphasis 
on cost and economic considerations. This has given 
us a wider scope in the search for new reserves. 

At the same time, processes have become im- 
proved so that lower and lower grades of bauxite 
have become economically refinable. In fact, one 
producer has publicly reported that it has succeeded 
in developing a process for the economic utilization 
of high-alumina clay, which exists in abundance in 
our northwestern and southern states. 

Divergent Trends: Several divergent trends ap- 
pear to lie ahead. First, there will be a growing 
trend to utilize the bauxites found in the far corners 
of the Free World, and also a trend to use the labor 
and to develop low-cost electricity adjacent to some 
of them to produce alumina and aluminum far from 
our shores. Second, we will continue to import for- 
eign bauxite to supply our alumina plants for years 
to come, Simultaneously with these conditions, ris- 
ing costs and new processes will, perhaps within a 
decade or two, make North America’s abundance of 
bauxite substitutes competitive with bauxite from 
overseas. 

It is impossible to foresee the combination of these 
sources that will evolve in the years ahead. But suf- 
fice to say that instead of being faced with a short- 
age of raw material, the aluminum industry is faced 
with a problem of logistics. These logistics must deal 
with such questions as the overall results of mining 
bauxite and processing it into alumina or aluminum 
on other continents and under other flags. 

Africa and Australia: On the African continent, 
Guinea, Ghana, and the Belgian Congo are out- 
standing examples of this kind of opportunity. The 
French-British-Swiss-American consortium called 
FRIA has announced plans to build a 529,000-ton 
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alumina plant in French Guinea. A separate project 
would include a 242,000-ton alumina plant at Boke, 
Guinea, near one of the largest bauxite deposits of 
the world. On the Gold Coast, the new nation of 
Ghana has its ambitious Volta River project. 

The Belgian Congo is the potential source of the 
world’s cheapest aluminum because of its tremen- 
dous water power resources. The Congo River has a 
potential of 25 million kw of electricity, which could 
produce as much as 12% million tons of aluminum 
per year. The electricity would cost 24% mills at first, 
but eventually this would be reduced to 1% mills, 
among the lowest costs in the world. However, com- 
plete development of this power is not likely to be 
rapid, because the construction of such an enormous 
hydroelectric plant would require an investment of 
some $5 billion. Nevertheless, some development 
seems probable. In the past six months bauxite has 
been discovered in the Congo only 40 miles from the 
site of a proposed reduction plant. 

In Australia, with its promise of tremendous 
bauxite reserves, plus abundant coal resources for 
generation of electricity, there is the possibility of a 
parallel development. 

Giant Ships Could Slash Costs: The economics of 
transporting bauxite from these far-off places to 
the U. S. seems forbidding. But perhaps the solution 
lies in the design of larger and more efficient ore 
ships. At present the world’s largest self-unloading 
bauxite carrier is a 32,000-ton vessel, the S.S. 
Richard. The oil industry has developed giant 
tankers of up to 100,000-ton capacity to slash long- 
distance transport costs, and the aluminum industry 
could do the same. 

A 100,000-ton bauxite ship would cost about 
$2.5 to $3 million a year to operate. It could, for 
example, make eight voyages a year from the Gold 
Coast of Africa to the U. S. That would be a total 
payload of 800,000 tons a year, at an average cost of 
about $3 to $4 a ton—or substantially the same cost 
incurred for transporting material by rail from 
Pittsburgh to Cleveland. 

Other Major Bauxite Sources: There are many 
other areas around the world from which bauxite 
could be brought to U. S. plants. Oddly enough, the 
ores of India, Malaya, Indonesia, and the Pacific 
Islands tend to be gibbsitic, and therefore suitable 
to our traditional processes, The same could be said 
for Brazil, Columbia, and Venezuela. The bauxites 
of Hawaii, Central America, or even of our own 
Pacific Northwest might better be classed with 
bauxite substitutes. 

Too little attention has been paid to bauxite 
substitutes here and to the fact that they would be 
our salvation in case of any long-continued emer- 
gency that would cut us off from overseas bauxite. 
In this we would not be alone. A substantial portion 
of the alumina product in the Soviet Union is de- 
rived from a bauxite substitute, nepheline syenite. 

Future: Essentially the Paley commission and the 
major aluminum producers are in agreement about 
the future of aluminum and the other light metals. 
The recent past has justified the optimism of the 
President’s Materials Policy Commission on the 
growth of the light metals industry. But the in- 
dustry’s best estimates now indicate them to have 
been too conservative. 

Past and projected expansion patterns leave no 
questions that the course of the light metals is in 
one direction—upward, and the watchword for the 
industries remains continued growth. 





PCA TRIES SEMI-DOME SHAPES 
FOR STORING BULK PRODUCT 


A unique feature of Potash Co. of America’s 
new potash property near Saskatoon, Sask., is 
the use of semi-dome-shaped buildings for product 
storage. Four domed structures, timber-framed and 
corrugated-sheet covered, are being built; each 
designed to handle 20,000 cu yd. The relatively 
small capacity units, PCA believes, give flexibility 
not only in storing different grades and sizes of 
product, but also in permitting greater ease in 
shipping products as market demands change. 

The domed buildings are 150-ft diam, comprised 
of a 16-ft-high concrete wall base, topped with a 
metal sheet-covered octagonal timber frame. The 
dome of each unit is designed to fit very closely the 
angle of repose of the contained material, which re- 
sults in the maximum usable volume. The entire roof 
is flood coated with a bitumin to provide a complete 
weather seal. 

Loading the Bins: The potash is fed to a transfer 
tower between the second and third storage units 
by an inclined belt conveyor. From the tower the 
product is directed either right or left, onto belt 
conveyors which take it to the apex of the storage 
units. In each case, the loading is from a single 
point—directly over the center line of each dome. 

Reclaiming: The product is reclaimed from each 
unit by a series of openings along the diameter of 
its floor, through which the material flows onto belt 
feeders and, in turn, onto a belt conveyor. Feeders 
and conveyors are located in a concrete tunnel 
which leads to the shipping area. 

In each storage unit, a large door in the concrete 
base wall allows large equipment to enter if com- 
plete emptying becomes necessary. 

Economic Considerations: The selection of 20,000- 
cu yd units was based on anticipated market de- 
mand and the dollar value of storage per ton. The 
relationship between size and cost per ton of storage 
can be plotted to show the maximum size of build- 
ing for the lowest cost per ton of storage, but this 
relationship must be further evaluated considering 
the flexibility of handling, storing, and reclaiming 
multiple products. 

The two variables affecting the volumetric design 
—diameter of the building and the height of its 
concrete wall—were studied closely. Increasing the 
diameter increases the height of the structure, and 
the design and structural economics will control the 
diameter and, indirectly, the height. The height of 
the base walls may vary considerably, it was found, 
but the most economical height was found to range 
between 12 and 16 ft. 

Materials and Costs: A total of 5300 cu yd of con- 
crete was used for the four buildings and conveyor 
tunnel. Except for the building walls, all concrete 


E. E. IVES and W. L. PAYNE are Project Engineers with 
Stearns-Roger Mfg. Co., Denver. 





by EDWARD E. IVES and WILLIAM L. PAYNE 


og = Rebs. ON ae 


Storage buildings under construction near Saskatoon. 
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could be poured directly from transit-mix trucks, 
and this resulted in a considerable saving. 

Total weight of structural timber used was 93 
tons. Building sheeting totaled 970 squares and 
much of the total was pre-assembled. It is estimated 
that about a 30-pct saving in labor costs was real- 
ized for all assembly and sheeting completed prior 
to erection. 

Total cost for the buildings, including excavation, 
concrete, frames, and sheeting, approximated $5.50 
per cubic yard of storage capacity. 

The cost of belt conveyor, feeders, and other 
materials handling machinery was additional, and 
in another project would be subject to the flexibility 
desired in handling the product. 

In selecting materials of construction, timber was 
given preference over steel. Timber deliveries were 
better in this case, cost was lower, and the timber is 
better able to withstand the corrosive action of the 
potash. Also, no special paints or maintenance 
program were needed. 

To summarize, using small domed storage units 
in place of larger units of conventional shape at 
PCA has the advantage of flexibility in storing dif- 
ferent grades and sizes of product without con- 
tamination. Unit costs of smaller buildings increase, 
but not as greatly as would first be expected. The 
savings are most evident not in materials but in 
labor. Repetition of erection operations and pre- 
assembly minimized the cost of smaller units. The 
units also may be arranged to incorporate any total 
tonnage desired, provided that storing and reclaim- 
ing do not become impractical. In other operations 
the units could be developed and programed for 
construction over a period of years to cope with 
varying storage problems. 
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SOVIET MINING MACHINERY 
SHOWN AT NEW YORK EXHIBITION 


cores of visitors who had never in their lives seen 
S: piece of rough-and-ready mining machinery 
flocked around the display of Russian equipment 
presented as part of the Soviet Exhibition at New 
York’s Coliseum. 

The Russian show, which ran from June 30 to 
August 10, presented an impressive view of an 
emerging technology. The exhibitors, however, made 
little attempt to appeal to the visitor who came only 
to be amused. In the mining show, as well as else- 
where throughout the exposition, the exhibits were 
devastatingly highbrow. If a coal mine’s hydraulic 
roof support were “designed to support the prop- 
free face front in longwall faces of flat seams, from 
1.0 to 1.6 m thick, with medium-stable side rock,” 
the visitors were told just that. 

The laymen spectators seemed to enjoy it all the 
same. A small boy and his father, peering into the 
spiked jaws of a continuous miner, decided it was 
“for digging into the side of a mountain” and moved 
on, apparently impressed. 

Several pieces of machinery were big attractions. 
Best of all was the huge, 37,485-lb heading cutter- 
loader known as the PKG-3. Two rotating steel 
drums equipped with cutter picks make up the 
heavy duty section of this cutter’s rotary face. The 
machine, almost 22 ft long, is crawler-mounted. 
Designed for development work in seams at least 8 
ft thick and working a heading section of 46.5 sq ft, 
the unit advances from 10 to 46 ft each hour. 

Considerable space at the show was devoted to 
mining and its allied sciences. Several tables and 
shelves supported geological maps and displays and 
were spread with mineral specimens. Another dis- 
play included several pieces of mine safety equip- 
ment. But by far the largest area was reserved for 
the coal mining machinery. 


LONGWALL MINING STRESSED 

Longwall mining is the major coal method in the 
USSR and this was underlined by the choice of ex- 
hibits. Another cutter-loader shown, the K-26, was 
designed for longwall mining of flat seams of hard 
coal and anthracite 55 to 75 in. thick. Two cutter 
arms rotate in opposition and almost horizontally 
and are joined to a hydraulic jib that is operated 
vertically. The unit walks via jacks to the face, 
starts its cut at the floor and works to the roof. 

Another exhibit showed equipment for the A-2 
Coal Aggregate system, which was devised for com- 
plete mechanization of longwall face operations in 
flat seams not much over a yard thick. The unit is 


Crowds were large and interest in the heavy equipment 
was high. In the background, right, is the PKG-3 cutter- 
loader, designed for large-seam development work. 


comprised of a high speed plow, movable conveyor, 
and hydraulic self-advancing roof supports. 

A model installation was shown of the KVKP 
Coal-Getting Installation, now claimed completed, 
which was designed to completely mechanize mining 
in pitch-dipping seams of 94 to 138 in. Angles of 
dip above 55° are worked out, on the dip side, by 
long pillars. A conveyor plow is used and a hydrau- 
lic support frame canopies the working area. When 
blasting is employed, a scraper is use for slushing. 

The LGD-1 cutter-loader, a 1742-ft, 17,333-lb unit 
also shown, was designed to work longwall faces of 
flat seams 33 to 59 in. thick. The Soviets claim an 
output of up to 180 tph for the machine. 

From an exterior viewpoint all the equipment 
seemed well constructed and rugged. The Russians 
are striving to mechanize all heavy manual opera- 
tions and much heavy duty equipment is needed. 
USSR reserves are believed to total 630 billion tons 
of hard coal and 118 billion tons of brown coal. 


LEFT: Russia’s LGD-1 cutter-loader can vary cut from 
47 to 79 in. ABOVE: K-26 cutter-loader uses paired 
arms working in opposition to produce up to 150 tph. 
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MINING AT GASPE COPPER 


Producing about 85 pct of its output underground, Gaspe Copper uses 
trackless mining equipment for economy and flexibility. From down-hole 
benching underground, the company has switched to horizontal drilling. 
Long-reach hydraulic lift rigs simplify scaling and roofbolting up to 110 ft. 


aspe Copper Mines Ltd., a subsidiary of Noranda 

Mines Ltd., operates a completely integrated 
copper mining, milling and smelting plant at Mur- 
dochville, on the Gaspe Peninsula of Quebec. 

Operating six days a week, the mine produces 
8000 tpd of ore. The mill runs continuously and 
capacity is rated at 6500 tpd of ore. Treating Gaspe 
concentrate output plus a certain amount of custom 
concentrate, the smelter produces between 3700 and 
4000 tons of copper anodes per month. 

Mining in 1958 totalled about 2.25 million tons, 
over 85 pct of which came from underground. 





W. G. BRISSENDEN is Manager of Gaspe Copper Mines Ltd., 
Murdochville, Que. 


Orebodies: The three orebodies currently being 
mined are located in Needle Mountain. The A (open 
pit) and B (underground) orebodies, and the top 
half of the C (underground) orebody, are roughly 
superimposed (see illustration, page 900). 

The A orebody outcrops on the eastern side of 
the mountain and has the shape of an inverted pear. 
It was overlain by forest cover, overburden, and 
waste capping. It measures approximately 1000 x 
1000 ft at its greatest extent and is 500 ft in depth. 

The main lens in the B orebody averages 30 ft in 
thickness and dips at 19° to the north. It is inter- 
sected by several faults, of varying displacement, 
and contains many subsidiary and minor orebodies 
of irregular pattern. 
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The C orebody averages 95 to 
100 ft in thickness and dips at 23° 
to the north. B orebody faults 
usually extend through to the C 
orebody but disappear in the back 
or upper part of the C orebody, 
which is 1200 ft wide by 2500 ft 
long. 

Host rock for the orebodies is 
silicified limestone—skarn, wollas- 
tonite, and quartzite. The principal 
copper mineral is chalcopyrite but 
some bornite and very minor 
amounts of chalcocite have been 
found. Bismuth, tungsten, and 
molybdenum are present and small 
amounts of pyhrrotite and pyrite 
also are found. 

Average ore grades are as fol- 
lows: 





A Zone—).8 pct Cu 
B Zone—1.3 pet Cu 
C Zone—2.0 pct Cu 


Two additional major orebodies 
are included in Gaspe Copper’s ore 


NEEDLE MOUNTAIN 
MINING = OPERATION 


GASPE COPPER MINES LIMITED 








reserves but their development is 
in very preliminary stages. 


MINE DEVELOPMENT 

The mine development plan was 
designed to establish two ore pass 
systems, primary and secondary 
crushing facilities, and conveyor 
belt hoisting facilities in suitable 
locations underground before stop- 
ing operations commenced. This 
was done with track type mining 
equipment, by lateral develop- 
ment, internal shaft sinking, 
crusher room excavations, ore pass 
raising, and driving of necessary 
inclined conveyor ways. Ventila- 
tion routes also were provided. 

Fifteen months after stoping 
operations had commenced, the C 
and B orebodies were connected to 
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surface by 12-pct-grade access 
roadways, designed to let trackless 
mining equipment pass. This road- 
way system is being extended below the C orebody, 
to depth, and can be reached from all active stope 
headings. Ore pass truck dumpholes are provided 
in all stoping areas. 

Present development plans call for the driving of 
a third ore pass system and the setting up of No. 3 
jaw crusher some 700 ft north of No. 2 crusher. A 
fourth jaw crusher, at lower depth, and a fourth 
ore pass system eventually will be located further 
north and east of the proposed No. 3 crusher. 


Choice of Stoping Method: The dimensions, shape, 
and attitude of the B and C orebodies are unusual 
in Canadian mining. A very thorough study was 
made of the various usable mining methods and 
included several visits by the company’s staff to 
U. S. mining operations in the midwest. 

Experimental stoping operations were conducted 
in the B orebody while the pre-production develop- 
ment program was underway. This work established 
that mining widths of 50 ft, with roofbolts on a 
4 x 4 ft pattern, could be maintained. 
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Plan, sections of 1800 level showing crushers and conveyors. 


Preliminary C orebody stoping operations gave 
similar findings. 

A trackless mining method then was adopted for 
both orebodies, with the following objectives: 

1) low-cost mining operation 

2) elimination of costly and time-consuming 
stope development work, most of which would have 
been done in waste rock 

3) highest possible ratio of extraction on first 
mining 

4) a flexible, high-tonnage stoping operation— 
one that would be confined to a relatively small 
area. 


It was realized that this decision would require 
recruiting and training an electrical-mechanical- 
mining team on a scale not previously attempted in 
Canada. It was also realized that pillar character- 
istics would have to be checked very closely as 
stoping operations progressed. 

Early stoping did not achieve desired results. The 
practice was to mine out and roofbolt a 13-ft-high 
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overcut immediately under the selected back con- 
tact. This work was done on a room and pillar 
pattern and was followed by down-hole benching 
to successive predetermined stope floors. Overcut 
drilling operations were performed with airleg drill 
machines and down-hole drilling operations by 4%2- 
in. diam drill machines mounted on self-propelled 
carriers. Broken ore from overcut headings was 
removed by slusher scrapers and loaded into trucks 
by diesel-powered overhead loaders. Bench ore was 
loaded into trucks by 2%-cu yd electric shovels. 

But this overcutting was slow and costly and was 
responsible for far too many accidents. The bench- 
ing operation would not break to bottom con- 
sistently and was badly shattering the already- 
undersize pillars. 

B Orebody Stoping: The following method was 
evolved for the B orebody: 

Stope headings are advanced, 45 ft wide, to the 
full height of the ore and generally at right angles 
to the dip of the orebody. A small wedge of ore is 
left below the stope floor on the north side of each 
stope. Normally, stope heights are 20 to 24 ft on the 
north side, 32 to 36 ft on the south side. The pillars 
between stopes are 20 ft wide where normal height 
prevails, with openings at 70 to 100-ft intervals. 

The full-scale headings are ‘irilled off by two 
twin-boom remote controlled fully automatic drill 
machine assemblies. One of the assemblies is of the 
fixed-platform type, the other has an elevating 
platform. The fixed-platform type can drill horizon- 
tal drill holes anywhere from the stope floor to a 
maximum height of 24 ft above the floor; the eleva- 
ting platform type drills from the stope floor to a 
height of 40 to 55 ft. The 3%-in. drill machines 
run 1%-in bits. Steel of 1%-in. diam is supplied in 
16-ft lengths, lugged at one end and threaded at the 
other. Ring seal shanks, couplings, and coupling 
rods are used in certain areas. The detachable drill 
bits are four-wing, carbide tipped, and threaded. 

Drill holes are charged from scaling rigs or special 
hole loading equipment. Dynamite cartridges are 
1% x 24-in. 75-pct Dygel and all detonating is done 
with millisecond delay electric caps. 

Nine-hole burn cuts are drilled in each heading 
and the average advance per round is 14.5 ft. Aver- 
age tonnage broken per round is 2000 tons. 

Broken ore is removed by a 1%-cu yd short-boom 
electric shovel and loaded into diesel-powered 
dumptor-type trucks of 6-cu yd capacity. Clean-up 
work is done by tractors and tractor-type or rub- 





Gaspe Copper Mine Data, January to October 1958 


Orebodies 


Band C 


B Cc Combined 


Total tons mined 340,900 1,176,990 1,517,890 
Miner manshifts 9156 27,234 36,390 
Tons per miner manshifts 3 43.2 41.7 
Maintenance manshifts 11,245 
Total manshifts, miners and 
maintenance men 
Tons per manshift, miners and 
maintenance men 31.9 
Rock broken per foot of hole 
drilled, tons 1.04 


47,635 


Dynamite per ton broken, Ib 0.54 
Tons per 2%-cu yd shovel shift 
Tons per 1%-cu yd shovel shift 675 
*Equipment maintenance cost 

per ton, $ 
Equipment maintenance cost 

per ton, including replace- 

ment allowance, $ 


* 25-pct eventual reduction expected. 
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Short-boom shovel and 6-yd dumptor team for loading at 
full face heading. Haulage distances in B orebody are 
usually under 1000 ft. Front-end loaders clean up area. 


Underground roadways are kept in trim by this Cater- 
pillar No. 12 grader which makes its rounds at regular 
intervals. Grades are always held to less than 8 pet. 


ber-tired front-end loaders. Broken ore is trammed 
to orepass dumpholes. Haulage distances rarely ex- 
ceed 1000 ft. 

Scaling and roofbolting operations consume 25 to 
30 pct of the total mining man hours. The work is 
done from scaling rigs, each of which consists of 
a platform affixed to the upper end of a two-boom 
hydraulic lift assembly mounted on a truck. The 
operator’s controls are fitted on the platform. The 
unit can be swung horizontally through 360° in 
either direction. Units used in the B orebody cai 
reach to 40 and 50 ft above the floor. 

Roadways are restricted to less than 8 pct grades. 
Crushed and surface-stockpiled A zone ore is used 
as road dressing material whenever necessary. 
Maintenance is done by a road grader on a regular 
schedule. 

One shovel operates in the B orebody and a 
minimum of 35,000 tons of ore per month is pro- 
duced regularly. Auxiliary equipment consists of 
three drill jumbos—two of which are high drill rigs, 

three trucks, one front-end loader, one overhead 
loader, and two scaling rigs. Extra equipment is 
drawn when required from C orebody workings. 

C Orebody Stoping: In the C orebody full-face 
overcut headings, 45 ft wide and 18 to 50 ft high, 
are driven immediately under the back of the ore 
and roofbolted on a 5 x 5-ft pattern. These headings 





are driven flat wherever possible and at right angles 
to the dip. They are each connected to a well- 
maintained, but temporary, overcut haulageway of 
12-pct slope. 

These headings are mined almost exactly like 
those of the B orebody but longer scaling rigs (75- 
ft) have been provided. Pilot drifts are driven in 
priority headings and advanced for 80 to 100 ft. 

Pillars are laid out to minimum lengths of 70 ft 
and widths of 35 ft. 

Benching operations follow overcutting opera- 
tions. Benches are taken with horizontal drill holes 
using the same drilling equipment as in overcut 
headings. Broken ore is removed by 2%-cu yd 
electric shovels loading into diesel-powered rear- 
dump trucks of 11%-cu yd capacity. Scaling opera- 
tions utilize 75-ft reach rigs. One 110-ft reach unit 
also has been provided. 

Three electric shovels—one 2% cu yd and two 
1% cu yd—operate in the C orebody and produce 
an average of 125,000 tons of ore monthly. Because 
their downtime is small, they have made output 
uniform. 

Additional equipment consists of the following: 
Seven drill jumbos (two high rigs) 

Seven dumptor-type trucks of 6-cu yd capacity 

Three rear-dump trucks of 11.5 cu yd capacity 

Three front-end loaders 

One overhead loader 

One tractor 

Three 40-ft scaling rigs 

Three 75-ft scaling rigs 

One 110-ft scaling rig 

Two platform-equipped front-end loaders for hole 
charging 

One grader 

One portable compressor, truck mounted 

Two service vehicles 

The C orebody workings are also the site of a 
fully-equipped preventive maintenance garage. 

Other Mining Areas: Smelter flux reauirements, 
plus additional tonnage requirements of 15,000 to 
25,000 tons of ore per month, are mined in open pit 
workings in the A orebody. Waste-to-ore ratio is 
1:1.6, but most of the waste must be removed be- 
fore regular mining operations can begin. This op- 
eration has utilized left over construction equipment 
and some that has been transferred from under- 
ground workings. Waste removal is underway and 
the pit outline has been decided on. 

Low headroom ore lenses occur as off-shoots of 
the C orebody. Development work from the ore- 
body, and small-scale mining of these low head- 
room areas is being done with trackless equipment. 
The equipment includes compressed air-powered 
self-propelled drill jumbos, compressed air-opera- 
ted overhead loaders, electrically-operated gather- 
ing-arm loaders, cable reel shuttle cars, and diesel- 
powered trucks of 4 to 6-ton capacity. 

An underground, trackless flux mining area also 
has been prepared. This area is active during winter 
months when severe weather conditions interfere 
with operations in the open pit. 

Ventilation: Ventilation needs are met by two 
fresh air intake fans, and regular intake and ex- 
hausting air courses which direct fresh air through 
the working areas as required by provincial law. 
Fan capacities are 180,000 cfm and 75,000 cfm for a 
total of 255,000 cfm. 

Fresh intake air is heated during the winter 
months. Ventilation doors and stoppings and fresh 


Biggest of all the scaling rigs used at Gaspe Copper is 
this 110-ft reach unit. Rigs of 75-ft reach are generally 
used in C orebody. Operator controls rig from platform. 


air flows are checked at regular and frequent in- 
tervals and a signal system warns equipment opera- 
tors when one or both of the main fans has stopped. 

Operator Training: Low equipment maintenance 
costs and reasonable downtime only result when 
each unit is operated within its capabilities. Close 
cooperation between the mining and maintenance 
departments has led to setting operating rules for 
each piece of equipment. No one operates any unit 
for which he has not been qualified. 

Accidents to equipment are investigated by 
Boards of Inquiry. The boards include representa- 
tives of the maintenance department and the opera- 
tor or operators concerned. Investigations are con- 
ducted in frank and open discussion. Improper 
equipment operation results in disciplinary action. 

Electrical and mechanical maintenance on all 
equipment is done by the plant engineering depart- 
ment and is not the responsibility of the mine 
department. The company’s assistant manager co- 
ordinates the work of the two departments. 

Mine Planning: Knowledge of the capabilities of 
trackless equipment is required for effective mine 
planning and this planning is done, under the di- 
rection of the mine superintendent, by a committee 
of selected representatives of the engineering, geo- 
logical, and mining staffs. 

General Remarks: The trackless mining equip- 
ment selected and the mining method adopted have 
maintained high output per manshift. Mining opera- 
tions have not gone far enough for a complete 
evaluation of conditions resulting from horizontal 
drilling and improved pillar design, but production 
schedules have been maintained continuously since 
their introduction. 
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PUMPING SOLIDS THROUGH A PIPELINE 


Long distance pumping of solids is no longer in its infancy nor is it only an 
alternate method of transportation. Here is a review of the old systems with 
some strong pointers for the new. 


pw = solids through a pipeline is not new but 
until very recently other means of transporta- 
tion were cheaper. Many proposed pipelines for 
transporting solids, while technically feasible, have 
not been attractive enough to warrant the financial 
risk involved. In some instances, the difference in 
transportation cost was negligible. In others, the 
threat of pipeline competition resulted in a slashing 
of rates on existing transportation to the point 
where a pipeline could no longer be justified. In 
others, a competitive product was cheaper. 


FIRST IN PLACERS 
The earliest record of solids being transported in 
a pipe was in the late 1850s in California placer 





J. NARDI is Chief Mechanical Engineer with Ford, Bacon & 
Davis Inc., New York, N. Y. This article is based on a paper orig- 
inally presented at an ASCE meeting in Cleveland on May 4, 1959. 


California, late 1850s—“Water under pressure was used to 
force gold-bearing gravel up through a pipe, from 30 to 
as much as 55 ft .. .” 
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mines. Water under pressure was used to force 
gold-bearing gravel up through a pipe, from 30 to 
as much as 55 ft, to a point where it could be dis- 
charged into a flume or sluice. 

Prior to 1900, F. E. Duckham was granted an 
English patent on a method of pneumatic (vacuum) 
transportation of solids—for unloading coal and 
grain from holds of ocean-going boats. In the U. S. 
his invention was known as the Darley system. 

About the same time, sand and gravel dredges 
were introdued into the U. S. from New Zealand 
where they were used in placer mining. While most 
of them were of bucket conveyor type and disposed 
of tailings by conveyors, some used pumps and pipe 
for picking up and discharging dredged material. 

The earliest U. S. patent claim for pumping 
solids through pipes was made by W. C. Andrews of 
New York. His application, filed March 26, 1889, 
described his “intention to take fine coal at the 
mouth of the coal mines . . . and transport it through 
(a) pipe .. . distances of . . . hundreds of miles to 
towns and cities.” He even specified “grinding or 
crushing the material . . . too large or of too great a 
specific gravity ... to be carried by the momentum 
of the liquid (then) introducing them into the 
running stream (of liquid) and, finally, separating 
the same from the liquid at the place of destina- 
tion.” No record could be found of any commercial 
application of his invention during the life of his 
patent, or of any attempts on his part to extend the 
expiration date by subsequent claims for improve- 
ments in the application of his process. 

The first commercial application of hydraulic 
transportation of solids in a pipe was made in 
England in 1914 by G. Bell, a power plant engineer. 
He was confronted with the problem of getting coal 
from barges on the Thames River to his boiler plant 
less than 1500 ft away. No direct route was avail- 
able for wagon haulage or for any then-common 
mechanical conveyors. He ruled out pneumatic 
conveyors as uneconomical for lump coal for that 
distance. Intervening streets and many residential 
buildings separated the power plant from the river. 
After some experiments with sludge-type cen- 
trifugal pumps at the power plant, he built an 8-in. 
cast iron bell-and-spigot pipeline 1750 ft long and 
also a smaller return-water line. There were many 
bends in these lines, most of them so-called long 
radius (3-ft radii), but a couple of them of only 
12-in. radius. He unloaded the coal from the barges 
with a clamshell bucket into a large hopper which 
had a 5-in. mesh screen on top. A disk feeder con- 
trolled the flow of coal from hopper to pump sump. 
A 7-in. pump, driven by a 50-hp motor, delivered 
50 tph of coal in a half-coal, half-water mixture at 
a velocity of about 4 fps. The line was abandoned 
in 1924 for unknown reason. 


PLANNED BUT NEVER BUILT 


In 1921, magazine articles described newly- 
proposed coal pipelines. One was to transport 7 





England, 1914—Bell’s coal 
pumping installation at 
Hammersmith. 


million tons per year of anthracite through 200 
miles of 14-in. pipe from Scranton, Pa., to the 
Newark Meadows near New York (airline distance 
100 miles) and another to transport 6 million tons 
of bituminous coal through 320 miles of 14-in. pipe 
from Clearfield, Pa., to New York, an airline dis- 
tance of about 200 miles. 

While authors demonstrated on paper the eco- 
nomic feasibility of their pipelines as compared 
with railroad transportation between the specific 
points, the fact remains that none of the pipelines 
were ever built. Economic consideration other than 
cost-per-ton of transportation probably made such 
projects unattractive. Besides the necessity of sign- 
ing up long-term contracts for both supply and 
market, and providing sufficient storage at the 
terminal to smooth out seasonal demand, there were 
additional costs of assembling the coal at the start 
of the pipeline and preparing it for pumping, and 
then dewatering it at the terminal. The product 
then had to be transported from the terminal to the 
many distributing points in the metropolitan area. 
The railroads, of course, could pick up the coal from 
many points near the start of the pipeline and de- 
liver it to many points near the terminal without 
any corresponding preparation, dewatering, or re- 
handling. 

In 1925, Allen-Sherman-Hoff obtained a patent 
for hydraulically sluicing ashes and clinkers. They 
made several installations in central station power 
plants for transporting the ashes to a pit or to a 
waste bank. One sluiceway was almost two miles 
long. 


EARLY INSTALLATIONS 

In the late 1920s, a pumping and pipeline system 
was started for transporting a sludge of anthracite 
and refuse—the underflow from a Dorr thickener 
which varied from 40 to 65 pct solids—to a waste 
bank about a mile away. 

In the early 1930s, with the advent of the various 
hydraulic coal-cleaning plants (Chance, Hydrotator, 
Rheolaveur, Menzies, etc. )it became common prac- 
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New York 1889—Andrews’ patented method for trans- 
porting solids. 


tice to pump fine refuse to a silt bank. In 1938 St. 
Clair Coal Co., near Pottsville, Pa., crushed all the 
refuse from their anthracite breaker and pumped as 
much as 190 tph as a 15 to 20-pct slurry through a 
14-in. pipeline for almost a mile. 

In 1934 Ford, Bacon & Davis built for Solvay 
Process Co. a 15-mile, 12-in. cast iron pipeline in 
Louisiana which transports some half a million tons 
per year of salt in the form of saturated brine. 

In 1937 a feasibility study was made for a similar 
55-mile line located in New York. In both cases the 
customer used the salt as a brine in his process so 
it was not necessary to dewater and recrystallize 
the salt. In the latter case, the design work was 
practically completed and options had been obtained 
for a good portion of the right-of-way when, in 
1939, the railroads reduced their tariff on rock salt 
to the point where the return on the investment 
was not sufficiently attractive for construction of 
the pipeline. In 1947 and again in 1957, the eco- 
nomics of this pipeline were re-examined for larger 
capacities. Although the investment per ton of pipe- 
line capacity had doubled in the 20-year interval, 
the freight rates, mining and handling costs of the 
rock salt had increased enough so that the pipeline 
may be built in the near future. 


LATER LINES 

Some time in the mid-1940’s the French built and 
are still operating a 15-in. pipeline about 6 miles 
long, through which they pump a 25-pct solids, —% 
in. coal washery sludge at 7 to 10 fps to a power- 
house where it is dried and burned in the boilers. 

Phosphate matrix—a mixture of phosphate rock, 
sand and clay which includes lumps up to 6 x 9 in. 
—has been pumped from open pit mines to wash- 
eries since the early 1930’s. There are now 20 or 
more of these pipelines, 15 in Florida alone, through 
which over 30 million long tons are pumped annually, 
Most of these lines are 16-in. diam spiral-welded, 
abrasion-resistant steel pipe from one to five miles 
long. Lines which are over a mile in length usually 
have intermediate booster pumps. Normally about 
600 tph of matrix are pumped with some 7000 gpm 
of water. This produces a velocity of 10 to 15 fps 
when the ratio of solids to liquid varies from 20 to 
40 pct. 

In 1949, Virginia-Carolina Co. built a 5-mile, 
14-in. pipeline to pump 150 tph of phosphate pulp 
(—8 mesh). 

In 1950 Thiele Kaolin Co. built a 10-mile pipeline 
through which they pump a clay slurry from mine 
to plant. The kaolin is crushed, cleaned, and sized, 
mixed with water, pumped, and, at the end of the 
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line, dewatered. The single booster pump used is 
automatically started and stopped by instruments 
which also control the pH and specific gravity of the 
slurry. 

In September 1951, International Nickel Co. Ltd. 
started transporting nickel-copper concentrates 
through 8-in. ID wood-stave pipelines, and mill tail- 
ings through 13-in. lines, at their northern Ontario 
mines.Two of each size and a 6-in. water line were 
installed, totaling over 40 miles of pipe. In order to 
maintain a favorable slope of at least 1 pct, Inter- 
national Nickel built over 12 miles of wood trestles 
to carry these pipes across valleys. The concentrates 
are pumped about 7% miles from Creighton to 
Copper Cliff and the tailings a couple of miles fur- 
ther—a total of 30,000 tpd. The velocity of the 
slurries varies from 5 to 6 fps and the solids con- 
centration from 30 to 50 pct. 

The history of Pittsburgh-Consolidation’s 108- 
mile coal slurry pipeline from Cadiz, Ohio, to Cleve- 
land, is interesting as an illustration of the amount of 
time and study a pipeline may require. The company 
began its investigations in 1949. A pilot plant was 
built in 1951 and operated until late 1952. The line 
was not completed until late 1956 and almost two 
years elapsed before the company could report that 
the pipeline was in continuous operation. The time 
interval: nine years from conception to commercial 
operation. 

In the meantime other pipelines were being built. 
In 1952 a 6-in. line was suspended across the Snake 
River in Idaho to convey a limestone slurry; in 1953, 
anthracite silt was dredged from the Susquehanna 
River near Harrisburg and pumped at the rate of 
235 tph through a 12-in. pipeline from a dock to 
the preparation plant on a hill 275 ft above the 
river. The cleaned coal was then pumped about a 
mile further through an 8-in. line to a dewatering 
and railroad car-loading plant. 

In several places coal or ore are pumped, from 
within mines, up shafts or slopes to the surface. One 
such installation is in Bonanza, Utah, where gil- 
sonite is pumped at the rate of 50 tph out of the 
mines and then 72 miles across a mountain range 
to a refinery in Colorado. Three different types of 
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pumps are used in this installation—a 70-ft-long 
vertical submerged pump takes the ore from a sump 
in the mine and discharges into five centrifugal 
pumps connected in series. These push the slurry up 
the shaft about 900 ft and then overland another 
1000 ft to a preparation plant. There it is screened, 
crushed, desanded, and mixed in proper concentra- 
tion for pumping. Reciprocating plunger pumps dis- 
charge the slurry at a pressure of + 2000 psig into 
a 6-in. pipeline which conveys it the 72 miles to the 
refinery. 

The first long distance transite pipeline was built 
in 1957. It was a 14-in. diam. class 150, pressure 
type transite pipe, 27 miles long and is used for 
transporting salt as a brine. 


SOVIET CLAIM 

In August 1957, the Soviets, in their coal maga- 
zine Ugol, claimed “the first long distance coal pipe- 
line.” An English translation (Fuel Abstracts, Janu- 
ary 1958) states: the length is 38 miles, the pipe 
diameter 12 in., capacity 220 tph of —1/32 in. coal in 
a 38-pct-solids-by-volume slurry, 4.8 fps velocity, 
pump discharge pressure 1100 psig max. They 
claimed the pipeline “transports coal three times 
cheaper than by rail . . . and will release 25,000 coal 
cars for other services.” From the figures in the 
original article, it appears that the pipeline trans- 
portation costs are estimated at about a third the 
railroad costs—and the quantity pumped per year 
would fill some 25,000 coal cars. 

Pipelines have been proposed for handling many 
different solids and some are being tried on a test 
or pilot plant basis. Some which are quite practical 
for short distances would be uneconomical for 
longer pipelines. A typical example is pneumatic 
transportation of wood chips for about a mile at St. 
Helena, Ore. 

Among the more ambitious of the proposed pipe- 
line projects are 1) transporting wheat from the 
Canadian prairie provinces to the Great Lakes; 2) 
transporting wood chips in a water slurry over long 
distances and then, near the terminus, injecting 
chemicals into the pipeline and heating a section of 
it, so that the product when discharged will have 
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been partially pulped en route; 3) transporting a 
65-pct solids slurry of nickel-cobalt crystals from 
a concentrating plant in Cuba into ship’s tanks. 
After the ship docks in Louisiana, the slurry would 
be pumped ashore to a refinery. 

Fluffed wood pulp is now being transported in 
12,000-ton tanker ships running from British Co- 
lumbia to Antioch, Calif. Water is added on arrival 
and the pulp pumped out into a paper mill. 


KEY PLANNING PROBLEMS 


While many proposed pipelines studied in recent 
years have had different and difficult engineering 
problems, there always has been less doubt about 
the technical feasibility than the economic—the 
long term adequacy of the supply or the market, 
more than the relative cost of transporting or the 
threat of competitive products. 

In some instances, processing the solid raw 
material—to make it into a slurry suitable for 
pumping—added enough customer value to the 
product to offset the preparation cost; in other cases, 
it was just an additional item in the cost of trans- 
portation—somewhat comparable to the cost in- 
curred by returning railroad cars without a cargo. 

Major Costs: Processing or preparing the solids 
and subsequent dewatering and drying usually cost 
more, and present more difficult technical problems, 
than pumping the slurry or building the pipeline. 
Power required for pumping depends, of course, 
upon the pressure needed to force the slurry 
through the line. This, in turn, depends upon the 
topography of the pipeline and the friction coeffi- 


cient of the slurry in the pipe. The distance between 
pumping stations depends upon the maximum ac- 
ceptable pressure developed at pump discharge and 
in the pipeline. This spacing is affected also by 
difference in elevation of the stations and pipeline. 

As an example of the technical complexity of the 
problem, here are a few of the things it is necessary 
to know before a pipeline can be designed to suc- 
cessfully pump solids: 


Physical Characteristics of the Solid 

1) Specific gravity 

2) Friability, grindability, and attrition rate 

3) Size and shape of particles—effect on settling 
rate 

4) Screen analysis ratio of various sizes before 
and after grinding and screening 

5) Characteristics of slimes 

6) Wetability (surface tension) 

7) Solubility 

8) Chemical stability in air and/or water 


Physical Characteristics of the Slurry 

9) Apparent viscosity and specific gravity at 
various densities and size ratios of solids 

10) Effect of temperature and pressure (solubility 
and apparent viscosity and specific gravity) 

11) Effect of agitation (thixotropic characteris- 
tics) 

12) Hydrogen ion concentration 

13) Gases in suspension 

14) Chemical stability of slurry 

15) Friction head or loss at various velocities, 
densities and size ratio of solids 
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16) Critical or minimum velocity for various den- 
sities and size of solids 

17) Angle of repose of solids in slurry 

18) Rate and degree of separation (dewatering) 


Design Data 


19) Total distance solids are to be pumped 
20) Topography of route between terminals 
21) Quantity or rate of transporting solids 
22) Quantity and quality of available water 
23) Power required to pump slurry 
24) Spacing between pumping stations 
25) Maximum or optimum desirable pressure for 
both pumps and pipeline 
26) Type of pump and drive best suited for opti- 
mum service 
27) Availability of pumps best suited to specific 
slurry 
28) Erosion rate at various densities on: 
a) Pumps 
b) Pipe 
c) Preparation equipment 
d) Drying equipment 
29) Chemical treatment required to: 
a) Minimize corrosion 
b) Minimize friction loss 
c) Minimize dewatering, drying costs 
d) Clean drying plant effluent 
30) Flushing and/or drainage facilities 
31) Dampening and surge requirements 
32) Storage and reclaiming 


Summary: Pumping solids through a pipeline is 
more difficult than transporting fluids such as liquids 
and gases. Large lumps can be transported short dis- 
tances if the specific gravity of the solid is not too 
much greater than that of the slurry. Small size 
solids can be transported long distances by utilizing 
intermediate or booster pumping stations. 

Chemical additives are essential to minimize cor- 
rosion and erosion, keep the solids in suspension 
while in transit, separate solids from the water at 
the terminal, and clean or purify the effluent water. 

A pipeline is more economical than the usual 
means of bulk transportation, such as barges, rail- 
roads, and trucks only when: 1) large quantities, 2) 
many years useful life, 3) high annual load factor, 
and 4) relatively long distances are involved, or 
when unusual or special circumstances exist. Cost or 
preparing the slurry for pumping and dewatering it 
at the terminal often exceeds the cost of transporta- 
tion. 

Technical problems involved in research and de- 
sign demand a variety of special talents. 

Successful operation also requires considerable 
technical skill, especially at the outset. Instrumenta- 
tion can dub in after the effect of all the variables 
has been ascertained and optimum operation is es- 
tablished. 

Pipeline transportation has two basic advantages 
over railroads and trucks: a smaller portion of 
operating costs are taken by labor and materials, 
both of which are apparently on a price uptrend; and 
the cost of returning empty containers is eliminated. 


Conclusion: In this opinion, pipeline transporta- 
tion of coal or similar bulk solids will not replace 
railroad transportation as rapidly as it did in the 
case of crude oil and petroleum products. However, 
as railroad tariffs continue to increase, more and 
more such solids will be pumped overland, especially 
where water transportation is not available, and 
where slurry or fine-sized solids are desirable. 
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Partial processing of a pipeline solid while in 
transit might be the key to a whole new line of 
products. While chemicals today assist in condition- 
ing the solids to make transportation easier, tomor- 
row they may produce, in the pipeline, a product 
that will be still more valuable to the consumer. 

For those contemplating a solids or slurry pipeline, 
some strong recommendations are in order. First, 
thoroughly check the economics; then, utilize all the 
best technical data and talent obtainable; and last, 
allow plenty of lead-time between economic justifi- 
cation and anticipated commercial operation. 


HIGH HEAD SLURRY PUMPING 


The following was condensed from High Head 
Slurry Pumping, presented by Walter Haentjens, 
president of Barrett Haentjens & Co., at the Penn- 
sylvania-Anthracite Section of AIME, Hazelton, Pa., 
April 10, 1959. 


Long slurry pipelines, much in the news, have so 
far confined their operations to conveying fine mate- 
rial and these lines presently use oil field type mud 
pumps. For large-particle slurries, centrifugal 
pumps are generally used; while heads are not 
nearly as high as those developed by plunger pumps, 
limits are climbing as high as 1200 ft. 


CHECK LIST 


Consider these check points in designing for high 
head slurry pumping: 


Hydraulic Considerations 
Know pipeline terrain and hydraulic gradient. 
Know minimum velocity for pumping the sub- 


ject mixture in horizontal, vertical, and sloping 
lines. (Will compound pipe sizes be needed?) 
Know maximum solids ratio and economical 


solids ratio. (Beyond certain concentrations, 
higher viscosity effects may become apparent. ) 
Carefully analyze solids size distribution. 
Know if advisable to add fines if they are not 
present in normal feed. 


Design for Good Operation 


Install foolproof gland seal water system. 

Provide variable speed control for calculated 
changes in feed rate or composition. 

Use constant level sump with automatic ex- 
ternal water supply. 

Design sump to prevent settling of solids during 
normal operation. 

Provide suitable vents, where needed, and 
automatic drains for rapid cleanout in case of 
power failure. 

Make feed of solids to sump uniform. 

Design feeding equipment to guarantee certain 
minimum solids will be fed, or feeding stops. 

Investigate possible water hammer. 

Base thickness of pipe wall on erosion tests. 

Protect pipeline interior by corrosion inhibitor. 

Protect pipeline exterior by coating and wrap- 
ping or by cathodes. 

Economics 

Compare costs with rail or truck haulage. 

Know availability and cost of water. 

Know cost of right of way. 

Know amortization and operating expense. 

Know how water will be disposed of at terminus 
and consider possible stream pollution problems. 





ECONOMY THROUGH DESIGN 


Building a beneficiation plant? Plan it right the first time. 
Operating and maintenance improvements 

in a large taconite plant were faster, easier, and less costly 
because initial engineering was sound. 


by ROBERT J. LINNEY 


eserve Mining Co. produces 5 million tons of 
~ iron ore pellets per year. The finished product 
runs about 65.50 pct Fe, with 7.75 to 8.00 pct SiO,. 
Less than 12 pct arrives at the blast furnaces 
smaller than % in. 

This plant was originally designed to produce 
3.75 tons annually—not 5 million. To handle the 
increased tonnage a fifth fine crushing line was 
added, and some very minor changes were made. 

When production can be stepped up 331/3 pct 
without extensive additions or changes—within the 
short period of a year—basic engineering has been 
sound. Operators of the plant consider it the best 
design job they have seen or heard of, and compe- 
tent authorities have said that start-up was quicker 
and easier than for any previous large-scale miner- 
als beneficiation plant. 

One big advantage is the elbow room allowed. 
Generally speaking, there is an eternal conflict be- 
tween operator and designer over space. The de- 
signer has his costs per cubic foot, and he is keenly 
aware that if he permits the number of cubic feet 
to rise unnecessarily, total costs will be too high. 

But this was a new operation, and on a large 
scale. There were no proven standards to go by. 
Realizing this, Reserve’s engineers provided ample 
and efficient access to machinery, allowing extra 
space for unanticipated situations. In three years 
of production this planning has paid off handsomely. 

Gravity Flow Saves Time and Money: This plant 
is on a rocky hillside, the car dumper about 270 ft 
above Lake Superior. In locating buildings and 
placing machinery the designers made good use of 
gravity flow, at considerable financial savings. In 
the concentrator building from rod mills to filters, 
gravity carries the material between all stages of 
the operation except one—the closed circuit pump- 
ing of concentrate between cone classifiers and ball 
mills. Since no machine is located directly above 
any other, an observer can stand on the truck ramp 
adjacent to the offices and laboratory and see prac- 
tically every phase of activity in the huge building. 

The first mill section started in August 1955. After 
a day’s run several modifications were made on 
auxiliary chutes and launders where spillage had 
occurred. This procedure was followed for the first 


R. J. LINNEY, Member AIME, is Executive Vice President, Re- 
serve Mining Co., Silver Bay, Minn. TP 59868. Manuscript, Jan. 28, 
1959. San Francisco Meeting, 1959. AIME Trans., Vol. 214, 1959. 
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Reserve's Peter Mitchell mine is a deposit of magnetic 
taconite approximately 9 miles long, 3000 ft wide, and 
175 ft deep at the thickest point. The deposit is virtually 
free of glacial overburden and can be mined by open 
pit methods. It contains more than 1.5 billion tons of 
taconite, with approximately 25 pct recoverable iron. 


week, and the corrective measures proved out on 
the No. 1 section were incorporated throughout the 
mill. When the remaining 11 sections were ready, 
they were started up almost without a hitch. 

Design Improvements in Coarse Crushing Plant: 
As operations progressed, difficulties not specifically 
accounted for in the basic plans were ironed out in 
consultations between the operating staff and plant 
designers. One of their early problems turned up in 
the coarse crushing plant at Babbitt. Originally it 
was not uncommon to see pieces of taconite the size 
of a piano being dumped into this crusher. Needless 
to say, the manganese mantle liner and concaves 
took a severe beating. These wear liners were sup- 
posed to crush well over a million tons of rock, but 
at 600,000 tons the lower part of the mantle had 
stretched so badly it became loose on the head 
center. The mantle was of three-piece design with a 
self-tightening head nut, but the upper third had 
not stretched as much as the lower third and the 
self-tightener could not work. The concaves, too, 
had grown so severely that the strain had stretched 
the main frame bolts, even though the concave 
joints had been scarfed every week to relieve the 
growth. 

Cooperative studies by the engineers and opera- 
tors and the equipment manufacturer’s technicians 
solved this problem. A two-piece mantle was sub- 
stituted for the earlier design. The concaves were 
stepped out slightly, in effect lengthening the crush- 
ing zone to help distribute the stresses more evenly 
over the entire surface of both mantle and concaves. 
The lower concaves were scarfed more often. After 
these adjustments had been made, the set of liners 
gave a good performance of 1.2 million tons. 

Improved blasting in the pit produced better 
fragmentation, eliminating the piano-sized chunks. 
This, of course, prolonged the life of the crusher 
liners. Mantle life is now about 1.8 million tons and 
concave life about 1.9 million tons. 

The first reline job back in 1955 took’ more than 
120 hr. Too long. Too expensive. So the mechanical 
maintenance department set up work analysis 
sheets right on the job. A study of these led to better 
coordination of the various steps and pointed up the 
need for special tools, many of which were designed 
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and built in the well equipped shops near the 
crusher. With better tools and better planning, 
progress was steady. Today a reline job averages 
not 120 hr but only 38 hr. The record, so far, is 36 
hr. Further, the maintenance department recently 
completed more than a million manhours without 
a lost time accident. 

This remarkable improvement was facilitated by 
the countless sessions the designers had held, with 
the operators, in planning adequate space for 
storage and maintenance. There is an exact spot for 
every tool, and each is in the proper sequence for 
most efficient use. 

Unloading at 40°F Blow Zero: No winter freeze- 
up problems had been encountered in Reserve’s 
earlier experience, and none were anticipated. Tac- 
onite is hard and dense and not susceptible to 
freezing; it was expected the ore would be kept 
moving. But when winter struck northern Minne- 
sota in 1955, some 80 ore cars in the yard at Silver 
Bay became giant ice cubes almost overnight. A 
spare boiler was rigged up to steam them, but this 
was a costly, drawn-out arrangement. Even after 
steaming, great frozen chunks lodged in the dumper 
pocket and bin openings. A temporary grizzly of 
railroad rails was hurriedly installed in the dumper 
pocket to screen out the larger blocks, but delays 
resulted from breakdowns, and heavy maintenance 
was needed on the rails. 

At the two big loading bins in Babbitt there were 
freeze-up problems too, despite the use of steam 
and hot torches. Then a solution of calcium chloride 
was pumped into the tops of the frozen bins, and 
bags of it were hand-sumped into the railroad cars. 
Before long the cars were cleaned out and the bins 
running freely. 

Now a permanent feeder set-up at the 60-in. 
crusher adds a pre-determined amount of calcium 
chloride to the ore stream as each mine-haul truck 
is dumped. Here again, installation was simple be- 
cause the designers had left enough room. One 
pound of calcium chloride per ton of ore prevents 
freeze-up problems all down the line, even in 40°F 
below zero. 

Better Mileage for Rail Cars: After about six 
months, wear on the railroad car wheels became 
noticeable. At nine months, under the company’s 
wheel inspection program, the first wheels began to 
show up in the machine shop for turning. In 15 
months the problem reached major proportions 
when 350 wheels were turned in a single month. 
This work could not have been handled except for 
the shop layout and equipment provided in the 
original planning; the automatic double-wheel lathe, 
in particular, proved to be a life-saver. 

Earlier investigations had revealed the reasons 
for this rapid wear: loading was heavier than de- 
signers had specified, mileage rates were high, and 
only half the wheels were the heat-treated type. 
Eliminating overloading was a major factor in re- 
ducing wear. But turning the cars end-for-end— 
running them loaded in one direction for a time and 
then in the other direction—compensated for differ- 
ential flange wear, spring set, and coupler loadings 
due to one-side rotation during dumping. Gradual 
replacement with rim-treated wheels will further 
reduce the wear rate. 

By January 1959 116,000 miles had been accumu- 
lated on the original ore cars. Car mileage per month 
now averages 3000, and only two sets of original 
wheels have been scrapped because of tread wear. 





Reserve Mining Co. 
Mining—Concentrating—Pelletizing 


BABBITT OPERATIONS 


47-MiILE RAILROAD 
BABBITT TO SILVER BAY 


After four jet piercers have sunk the 40-ft blastholes, up to a million tons of crude material are shot at one 
time. Four shovels load the hard, abrasive rock into specially designed 45-ton side-dump trucks, which carry 
the taconite to the 60-in. primary crusher. Here it is crushed to a maximum 8 in. This product is fed to three 
30x70-in. gyratorys, which further reduce the rock to a maximum 3% in. A 60-in., 1000-ft conveyor belt running 
beneath the crusher carries the taconite to the top of two storage bins holding about 10,000 tons. The custom- 
designed 86-ton railroad cars passing beneath these bins are loaded without stopping. Trains are made up of some 
110 cars, which carry the taconite along a 47-mile railroad from the mine and crusher to the E. W. Davis Works. 
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At Silver Bay, high on a cliff above Lake Superior, the cars move into a rotary dumper, where they are 
turned over and dumped without uncoupling and without the air hose being disconnected. This is a one-man 
operation, the controller viewing his work on closed-circuit TV cameras. Here, at the fine crusher plant, taco- 
nite is carried by a 60-in. conveyor belt to five storage bins, each furnishing crude ore to one of the five fine 
crushing sections in the building. Each line consists of a primary screen and crusher and a secondary screen 
and crusher in open circuit series grinding. Here the final product runs about 90 pct —% in. It is carried by 
conveyor belt to 24 concrete storage bins next to the concentrator building. Two bins supply the crushed ore 
to each of the 12 sections of the concentrator. In the concentrator building water is introduced as the taconite 
enters the rod mill. The discharge is split, flowing to two magnetic separators. The cobber concentrate goes to 
the two ball mills in each of the 12 sections for further grinding; the discharge is split to each of four belt-type 
rougher magnetic separators. The concentrate is then pumped to the cone classifiers. The rougher overflow is 
laundered to the rougher hydro separators, and the underflow is laundered back to the ball mills. Concen- 
trate from the rougher hydro goes to the finishing magnetic separators, then to the finishing hydro separators for 
a final washing before it reaches the filters. Tailings from each step of the operation flow by gravity from the 
plant. The concentrate is carried by conveyor belt to the pelletizing department. 
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At each of six furnaces in the pelletizing department the bed of pellets is 12x 14 in. deep. When finished pellets 
are discharged at the end of the machines, they are carried by belt conveyor to the storage yard or directly to 
the ship-loading facilities for shipment down the lake to Armco and Republic Steel, joint owners of Reserve. 
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Crude material is carried by 45-ton trucks to the pri- 
mary crusher and side-dumped into pocket shown here. 


Under initial wear rates the entire installation of 
some 2000 untreated wheels, costing more than 
$275,000, and a large aumber of the rim-treated 
wheels would now have been replaced. 

Combating Abrasion: The abrasiveness of Re- 
serve’s taconite is a constant source of trouble. 
Dipper teeth on shovels have to be replaced after 
only 8 hr. The taconite chews up truck bodies, truck 
tires, in fact, everything it touches. Although real 
progress has been made in securing abrasion-resist- 
ant materials, the problem is so serious that a full- 
time metallurgist is employed to study, test, upgrade, 
and control the materials used in mill and crusher 
liners, grate bars, pallets, and railroad wheels. 

In early stages of operation serious maintenance 
trouble developed with the screen decks in the fine 
crushing plant. These decks were made up of %-in. 
diam rods, 2 ft 9 in. long, in panels 1 ft wide. They 
were held in place by steel clamps and a rubber 
locking device. The design was chosen because the 
screen deck would be easy to renew and because 
tough-alloy abrasion-resistant rods could be used. 

But experience demonstrated that alloy rods were 
not tough enough; in the early days two crusher 
lines were sometimes down for screen repairs at the 
same time. Punch plate and wire mesh were tried 
but were ruled out by low tonnage life and the cost 
of hard surfacing. Finally a new upper deck was 
made from rugged bulb angles covered with sections 
of cast manganese grizzly bars. This turned the 
trick. Delays are now hardly noticeable, and screen- 
ing costs, once 7¢ per ton, are down to a few mills. 

This was another benefit of having the original 
plant engineers work right along with the opera- 
tions group, taking advantage of knowledge that 
could be gained only in large-scale operation. 


Time Cut on Liner Change: At the fine crusher 
a set of liners is changed about every 1.8 days. At 
first this required 12 hr. Then a spare bow! and shaft 
and head center were obtained so that the manga- 
nese steel liners could be zinced in place before the 
change-out. This cut the time in half. As in the 
coarse crusher change, careful studies were made to 
see where time could be gained and equipment and 
tools improved. The time was cut from 12 to 2 hr, 
then to 1 hr. Today it is being done in 38 min. 
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Loaded car in foreground carries 86 tons of crushed 
taconite to this rotary dump at fine crusher plant. 


This has been possible only because each piece of 
equipment is readily accessible to the crane. When 
a crusher must be relined, the crane can lift the bow] 
mantle and head center without first having to re- 
move other auxiliary equipment. 

Magnetizing Speeds Up Settling Action: To ob- 
tain a high-grade concentrate with a satisfactory 
silica it is necessary to discard a middling product 
containing some magnetic iron. This middling can- 
not be brought up to grade no matter how fine it is 
ground, As tonnages were increased on the mills it 
was found that some of this middling product which 
should have been washed out in the rougher hydro 
separators was retained in the concentrates, lower- 
ing the grade. 

Several changes were made in attempts to im- 
prove the washing action. The final solution was 
further magnetization of the hydro feed to speed up 
the settling action so that more water could be 
added. After magnetizing coils were installed around 
the pipes feeding the hydros, excellent washing was 
obtained and concentrate grade was raised even at 
maximum mill tonnage without any loss of concen- 
tratable ore in the tailings. 

All this required more pumps. Fortunately space 
had been provided in the pumping station for just 
such contingencies. 

What Was Done to Increase Efficiency of Cobbers: 
Cobbers consisted of two 36 x 48-in. magnetic drums 
in series, originally two machines for each of the 12 
mill sections. Since about 35 pct of the total load of 
rod mill discharge is thrown off as tailings here, it 
is highly important that these machines function 
efficiently. Here again it was discovered that at 
maximum tonnages the machines did not perform 
satisfactorily. It was concluded that the drums were 
handling too much tonnage per foot, so a second 
machine was installed, in parallel with the first, and 
the feed was divided between them. But there was 
no improvement. Then a third drum was tried in 
series with the original two-drum machine, with a 
repulping box between the first and second drum. 
Improvement in the cobber concentrate was clearly 
visible and later confirmed by test data. Further, a 
higher tonnage of clean tailings was consistently 
thrown out by the three-drum cobber. All 24 cob- 
bers have been modified in this way. 





Some of the magnetic separators, hydro separators, and filters in the concentrator building. Rod mills are on upper 
level and ball mills just below. Plenty of space has been allowed for ease of operation and maintenance. 


It could not have been anticipated that this prob- 
lem would arise when production levels exceeded 
original capacity. The solution was relatively simple, 
but only because the designers had not crammed in 
the equipment. 

Liner Wear Costs: In the first year of operation 
(1955-1956) Reserve’s primary crusher alone used 
up 2,066,650 lb of liners, more than $600,000 worth. 
The fine crushing plant consumed more than 2 mil- 
lion lb of liners, almost $800,000 worth! Rods and 
balls accounted for nearly 25 million lb of steel, 
about $2 million. Replacement of mill shell and end 
liners called for another 2.4 million lb, worth about 
$600,000. The staggering total was 31,038,000 lb of 
material, with a price tag of $4 million. 

The 24 ball mills and 12 rod mills furnished an 
excellent opportunity for quick evaluation of differ- 
ent materials and designs in shell liners. Practically 
every design that was thought to have a chance of 
survival was installed in one or another of the 36 
mills—single-wave liners, with waves 2% to 3% in. 
high, on top of a 3-in. base; lifter-bar liners; and 
double-wave liners. The materials included chrome- 
moly alloys, chrome-moly with nickel, rolled plate 
with hardened lifters, and manganese and nickel 
alloys. The NiHard liner with the 3%-in. single 


wave showed up best in both rod and ball mills. 
Final life of these liners in the rod mills is about 2.5 
million tons. In the ball mills the original Nihard 
sets have not yet been changed. This is a vast im- 
provement over one type of rod mill liner that had 
to be changed at about 350,000 tons. 

Progress in Pelletizing: Pelletizing is the newest 
development in Reserve’s process. The choice of 
horizontal rather than vertical shaft furnaces was, in 
fact, the last major engineering decision made; con- 
sequently it has given rise to many problems that 
are important in terms of cost. Nowhere else have 
the advantages of cooperation between operators 
and designers been more evident than in the pellet- 
izing of concentrates. 

The six horizontal pelletizing machines at the 
E. W. Davis Works are the traveling-grate type, 
similar to a sintering machine, with 28 6x6-ft wind 
boxes. Pelletizing and sintering processes, however, 
are quite different. 

Green pellets from the balling drums are almost 
completely dried in the first nine wind boxes; they 
are preheated, ignited, and burned over the next 
nine wind boxes and air-cooled to about 400°C in 
the last ten. In the drying, preheat, and ignition 
sections as much high-temperature air as possible is 
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One of the six furnaces in the Silver Bay pelletizing 
plant. Bed of pellets shown is 12 to 14 in. deep. 


-_ +. 


These storage bins hold about 10,000 tons of crushe 
taconite. Cars below are loaded without stopping. 


re-used from the burning and cooling wind boxes. 
Owing to this heat recuperation the fuel require- 
ments are substantially lower than for sintering. 

During the early start-up period each of the three 
types of screens used in pelletizing caused excessive 
delays. For the green pellet screens balling drum 
delays averaged 343 hr per month. This was cor- 
rected by replacing all 18 screen bodies with heavier 
equipment and arranging for a complete spare 
screen so that each screen could be taken out of 
service for a complete overhaul as required. 

Delays for repair of furnace feeder screens, 
originally 32 hr per month, have been cut to less 
than 6 hr. This improvement was brought about in 
several ways. New and better-designed cross mem- 
bers and side plates were used. Failure of mounting 
rubber due to excess heat was corrected by in- 
stalling turbo blowers to air-cool the rubber, a job 
greatly simplified by the provision of ample build- 
ing space. Bearing life has been prolonged from 
about two months to more than a year by an ex- 
tensive program carried out in collaboration with 
the screen manufacturer, bearing and lubrication 
suppliers, and manufacturers of automatic lubrica- 
tion equipment. It is expected that screen bearing 
life will be increased to approximately two years as 
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study with designers and specialists continues. 

With the finished pellet screens about 90 hr per 
month were lost because of short deck life and 
bearing troubles. Today the average is only 2 hr 
monthly. Deck life has been prolonged by improved 
design, and the installation of water-cooled hous- 
ings has forestalled further trouble with the bear- 
ings. 

Some of the heat problems were caused by higher 
than anticipated temperatures throughout the pel- 
letizing machines. For example, there were frequent 
failures of grate bars, pallet frames, and breechings 
and downcomers in the recuperation air-handling 
system. First-year replacements of grate bars for 
the pelletizing furnaces amounted to $251,000. Pallet 
frame replacements that year alone came to 
$185,000. In 1958 the company spent $385,000 for 
grate bars, $98,000 for pallet frames, and $215,000 
for pelletizing screens. 

A seemingly endless number of grate bars were 
specially made for the pelletizing machines. Dif- 
ferent designs, analyses, and casting practices were 
tried. In the beginning grate bars lasted only two 
months. Average life is now 12 months, and engi- 
neers and operators are still working at it. At the 
earlier rate, grate bar replacements would have 
approached $900,000 annually. 

To date the best answer to pallet frame breakage 
has been a split pallet frame, ‘bolted together at the 
center. Average life has increased from 60 to 300 
days. 

In the recuperation area of the machines the 
1250° to 1300°C air temperatures caused failure of 
ducts and breechings carrying hot air from the wind 
boxes to the fans. Originally the ducts and breech- 
ings were of steel plate insulated on the outside. 
About a third of these have been replaced by others 
of new design with refractory linings, and eventu- 
ally all of them will be changed. This has already 
been a major job calling for 155 tons of fabricated 
steel and 562 tons of refractory at a cost of about 
$180,000 installed to date. Here again, there was 
plenty of space for truck cranes and other heavy 
mobile equipment to operate between the pelletiz- 
ing machines, and changes have been carried out 
with minimum delay in production. 

To overcome the many problems of high tempera- 
ture, a new investigation-development program has 
been instituted on one of the pelletizing machines, 
calling for updraft instead of downdraft cooling on 
the last six wind boxes. Equipment has been added 
and rearranged without the necessity of extending 
the building. 

This updraft system has solved the pallet frame 
problem. It also recuperates more high-tempera- 
ture air, which is used to improve quality, increase 
production, and lower fuel consumption. In fact, on 
this machine the use of coal-coating drums has been 
completely eliminated, saving costs on installation 
and operation and maintenance and part of the 
cost of anthracite fines. Somewhat more oil is used 
to supply the needed Btu’s, partially offsetting the 
apparent saving in coal costs. 

Now that the plant has been running for three 
full years, still further significant improvements in 
maintenance and operation are expected. They will 
be easier, quicker, and less costly because they can 
be incorporated in a sound, flexible engineering 
design. 

Discussion of this article sent (2 copies) to AIME before Oct. 31, 
1959 will be published in Mininc EncrIneerine. 








GEOLOGY OF THE ROSS-ADAMS 
URANIUM-THORIUM DEPOSIT, ALASKA 


he only source of uranium ore in Alaska that has 

been mined commercially is the Ross-Adams de- 
posit, a gently inclined, fusiform orebody in alkali 
granite in which uranothorite and uranoan thoria- 
nite are the chief ore minerals. In mode of occur- 
rence, apparent genetic association with the granite, 
and to a lesser extent in mineralogy, this type of 
deposit is uncommon. 

The mine is in the southern part of Prince of 
Wales Island (Fig. 1) at an altitude of about 950 ft 
on the southeast flank of Bokan Mountain. A steep 
unpaved road 1%4 miles long leads to the dock on 
the West Arm of Kendrick Bay, which can be 
reached by boat or seaplane from Ketchikan, some 
35 miles to the northeast. 

The southern section of Prince of Wales Island is 
covered by dense forests interspersed with swampy 
tracts of muskeg. Most of the higher peaks support 
only sparse vegetation, and in areas underlain by 
alkali granite bare rocky slopes prevail to as low 
as 800 ft. Numerous fiord-like embayments pene- 
trate this part of the island, and their shorelines 
provide near-continuous rock exposures. Rainfall is 
heavy, about 150 in. annually. Throughout the year 
the climate is relatively mild. 

History and Production: In May 1955 two mem- 
bers of a Ketchikan prospecting group, Don Ross 
and his wife, found the deposit while working with 
an airborne geiger counter. Later they confirmed 
their discovery by ground investigations. During the 
summer Climax Molybdenum acquired controlling 
interest in the property and started exploratory 
diamond drilling, resuming the drilling on a larger 
scale in the summer and fall of 1956. Climax began 
mining in July 1957, shipping the ore by barge and 
train to the Dawn Mining Co. mill at Ford, Wash. 

The open pit workings, about 370 ft long, between 
25 and 75 ft wide, and 25 ft deep (shown in Fig. 2) 
were shut down in October 1957. As of September 
1958 the pit was still inactive, although a small 
tonnage of known reserves remains in the southern 
part. The operators believe the 15,000 tons of 
uranium ore already produced will average 0.80 pct. 


E. M. MacKEVETT, JR., Member AIME, is a Geologist with the 
U. S. Geological Survey, Menlo Park, Calif. TP 591200. Manuscript, 
Jan. 2, 1959. Pacific Northwest Minerals Conference, Spokane, 
Wash., April 1958. AIME Trans., Vol. 214, 1959. 
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Fig. 1—Site of Ross-Adams mine in southeastern Alaska. 


GEOLOGY 

The Ross-Adams mine is within a small stock or 
boss of alkali granite, about 1000 ft from the south- 
east margin of the granite (Fig. 3). The area around 
the boss is underlain chiefly by plutonic rocks of 
intermediate composition and by metamorphosed 
sedimentary and volcanic rocks. 

The oldest rocks in the area probably are the 
metamorphosed volcanic rocks that are well exposed 
adjacent to the South Arm of Moira Sound. They 
are considered by Buddington and Chapin’ to be of 
Devonian age. These light gray to dark gray rocks 
mainly represent a layered volcanic sequence. They 
are commonly porphyritic with plagioclase pheno- 
crysts in an altered, fine-grained groundmass. The 
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minerals of the groundmass are commonly altered to 
chlorite, epidote, and clay minerals. These rocks are 
chiefly of intermediate composition, probably rang- 
ing from quartz latite to andesite. 

Another rock of Paleozoic age, consisting largely 
of black slate and hornfels, forms a crudely arcuate 
outcrop in the area. These rocks are locally chiasto- 
lite-bearing and in places graphitic. 

A heterogeneous dioritic assemblage probably 
represents the oldest Cretaceous(?) rocks in the 
area. Rocks of this type crop out abundantly near 
the West Arm of Kendrick Bay and less extensively 
elsewhere. They comprise chiefly hornblende quartz 
diorite, hornblende diorite, and amphibolite, which 
range from fine to coarse-grained and generally are 
altered to chlorite, epidote, clinozoisite, calcite, and 
clay minerals, 

The next younger rocks are the dominant intru- 
sive rocks in the area shown in Fig. 3. These consist 
of altered medium-grained quartz monzonite and 
granodiorite, both of which commonly contain less 
than 5 pct mafic minerals, chiefly biotite. Salients of 
these rocks cut the dioritic unit. 

Aplite and alaskite as much as 500 ft thick locally 
intervene between the quartz monzonite and the 
alkali granite. 

The youngest intrusive rock, excluding that of 
the dikes, is alkali granite, probably of Late Cre- 
taceous or early Tertiary age. Almost all the ura- 
nium-thorium deposits in the district are within or 
near the alkali granite and are believed genetically 
related to it. The alkali granite forms a small stock 
or boss, about 3 sq miles in area, that is centered 
near Bokan Mountain. The rock ranges from fine to 
coarse-grained and is characterized by diverse 
textures including hypidiomorphic granular, por- 
phyritic, seriate porphyritic, and cataclastic. Pre- 
dominant minerals of the alkali granite are quartz 
and varieties of K-feldspar. Albite, commonly An,, 
forms between 5 and 15 pct of the rock and acmite 
and riebeckite each constitute between 1 and 12 pct 
of the alkali granite. Minor accessory minerals, 
which commonly form less than 1 pct of the granite, 
consist chiefly of zircon with less abundant urano- 
thorite, pyrite, zenotime, fluorite, and magnetite. 
The granite apparently has had a complex history, 
as indicated by its variety of textures and two 
stages of formation of its constituent quartz and 
K-feldspar. Late-stage quartz locally cuts and em- 
bays older quartz, and sodian adularia in places 
embays and replaces grid-twinned K-feldspar. The 
alkali granite contains abnormal quantities of cer- 
tain minor elements, notably uranium, thorium, 
yttrium, lanthanum, niobium, and cerium and other 
rare earths. Results of semiquantitative spectro- 
graphic analyses and analyses for equivalent and 
chemical uranium of seven samples of the alkali 
granite are shown in Table I. 

Dikes, mainly fine-grained intermediate to mafic 
types, are abundant, particularly in the diorite. 
They apparently were intruded at several different 
times, but their precise age relationships are un- 
known. Most of the pegmatite and aplite dikes are 
late-stage affiliates of the alkali granite. They occur 
chiefly within the granite and in the adjacent rocks 
as small irregular masses generally less than 200 
ft long and 2 ft thick. Commonly they contain the 
suite of rare elements that is typical of the alkali 
granite. 

Structure: The rocks of the area are cut by nu- 
merous joints and faults. Only the strongest faults 
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are shown in Fig. 3. They occur principally in two 
steep-dipping sets, one striking near east and the 
other near north. A few of the faults are breccia 
zones as much as 100 ft thick, but most are narrow 
iron-stained shear zones a few feet thick. 


ORE DEPOSIT 

The dominant ore minerals are uranothorite and 
uranoan thorianite. The deposit is reddish-brown in 
color, owing largely to its constituent hematite, and 
therefore contrasts markedly with its nearly white 
alkali granite host. The orebody, which is crudely 
fusiform and trends northward, had surface ex- 
posures over a length of about 180 ft. Average 
width was 40 ft and its maximum vertical dimension 
about 50 ft (Figs. 2, 4, and 5). The longitudinal 
dimension of the orebody as revealed by diamond 
drilling is at least 350 ft. Fig. 4 shows the mine area 
prior to mining, and Fig. 2 the open pit as it was in 
September 1957, during the latter stages of mining. 
Scabs of ore are shown on the walls of the pit in 
Fig. 2, and minor amounts of ore are beneath the 
rubble that covers the bottom of the pit. The con- 
cealed extent of the orebody is inferred from 
diamond drill hole data and subsequent mine ex- 
cavations. 

A steep fault that strikes N 70° W cuts another 
steep fault that strikes N 80° E where the faults are 
exposed in the southern part of the pit (Fig. 2). 
Both faults cut the orebody, causing its southern 
part to be downthrown, but the amount of displace- 
ment could not be accurately determined. A small 
amount of fractured and iron-stained andesite(?) 
is exposed locally along the faults. South of the 
faults the orebody has only one small outcrop. A 
few other faults are exposed in the open pit (Fig. 2) 
where they locally cut remnants of the orebody. 
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Fig. 2—Geologic map of the Ross-Adams open pit. 








Table |. Results of Semiquantitative Spectrographic Analyses and Uranium Analyses of 
Seven Samples of the Alkali Granite Near Bokan Mountain*t 








Sample Percent 
Ne. U >10 10 3 1 0.3 0.1 0.03 





0.004 0.0024 Si Al Fe, Na, K Zr Ca, Mn, La 


0.005 0.0038 Si Al Fe, Na, K Zr = Mn, Ba, 
‘e 


0.005 0.0017 Si Al , Na, K Ca, Mn, Ce, 


Zr 
0.005 0.003 Si Al , Na, K Mn, La, Nb, 
Nd, Y 


0.002 0.002 Si , Fe, Na K Zr Ca, Ti, Mn 


0.020 Si Al , Na, K Ti, Ce, Th, Mn, La, Nb, 
Y Nd, Zr, U 
0.009 Si Al , Na, K Ti, Ce, Zr Mn, Y 


* Nearest percent in the series 10, 3, 1, 0.3, 0.1, 0.03, 0.01, 0.903, 0.001. 
+ Spectrographic analyses by Joseph Haffty, USGS. Raidometric and chemical analyses by B. A. McCall 
bell, and Joseph Budinsky, USGS. 
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PROBABLE FAULT 


Most of the orebody has a gentle southerly plunge, 
which increases to 35° near the faults that cut the 
southern part of the deposit. This local steeper 
Fig. 3—Generalized geologic map of area near the mine. plunge is probably largely a drag effect of faulting. 
The size and shape of most of the orebody have been 
fairly well established by the surface exposures, 
mining, and diamond drilling, but south of the two 
crosscutting faults exploration consists only of 
scattered diamond drill holes—not enough to de- 
lineate the orebody thoroughly. Other orebodies 
may exist beneath the known one, but this possibil- 
ity has not been tested by deep drilling. 


MINERALOGY AND COMPOSITION 


In general, the Ross-Adams orebody consists of a 
core of high grade ore that contains greater than 
0.05 pct U,O, enveloped by a uraniferous zone 2 to 
20 ft thick that contains less than 0.50 pct U,O,. 
There are a few small pods of low grade ore and 
locally barren rock within the high grade ore. Tex- 
turally, the ore resembles its alkali granite host 
x hd rock. It consists of numerous ore-bearing veinlets 

INTERVAL = THORIUM ORE between 0.1 and 0.8 mm thick and scattered ura- 
nium-thorium minerals throughout the alkali gran- 
Fig. 5—Isometric block diagram of Ross-Adams deposit. ite. Almost all of the primary uranium-thorium 
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minerals are in the metamict state. Commonly iron- 
stained fractures emanate from the radioactive 
minerals; in places the fractures form reticulating 
iron-stained veinlets along cleavage planes in feld- 
spars. 

Fig. 6 and 7 are micrographs showing scattered 
uranium-thorium minerals accompanied by iron- 
stained fractures in the alkali granite. 

The dominant ore minerals, uranothorite and 
uranoan thorianite, occur both in the veinlets and 
scattered throughout the alkali granite of the lode. 
Jerome Stern, Alan King, Daphne Riska, and Betsy 
Levin of the USGS have identified uranothorite and 
uranoan thorianite in several specimens by X-ray 
diffraction after heating. By X-ray diffraction 
methods King has also identified coffinite, which 
occurs in minor amounts in the ore. 

Besides the uranium-thorium minerals the vein- 
lets contain abundant hematite and lesser amounts 
of calcite, fluorite, pyrite, galena, quartz, and chlo- 
rite. Pyrite and galena are locally abundant in the 
veinlets near the crosscutting faults. Fluorite in 
the veinlets is deep purple. Micrographs of some of 
the typical vein minerals are shown with uranoan 
thorianite (?) in Figs. 8 and 9. 

Secondary uranium minerals occur in minor 
amounts in near-surface environments at the 
deposit. They include gummite, sklodowskite, beta- 
uranophane, bassetite, and novacekite, all originally 
identified by Alan King of the USGS by X-ray 
diffraction methods. Most identifications have sub- 
sequently been confirmed by the writer. 

Composition of the ore is indicated by Table II, 
which shows the results of semiquantitative spec- 
trographic analyses for 69 elements and chemical 
analyses for uranium and thorium. 

Although there is general similarity in composi- 
tion between the ore and the alkali granite, several 
differences are apparent from studying Tables I and 
II. Notable among these are the increase of uranium 


and thorium in the ore and its lack of potassium. 
The ore also differs from the alkali granite in gen- 
erally containing more iron, lead, and aluminum, 
slightly more zirconium, titanium, magnesium, cal- 
cium, manganese, and arsenic, and less cerium. 
Most of the deposit is out of radioactive equilib- 
rium in such a way that the radioactivity of the 
thorium daughter products combines with that of 
the uranium daughter products to give an effect of 
apparent equilibrium and most equivalent uranium 
and chemical uranium analyses of the same samples 
are nearly equal (Table II) despite the presence of 
abundant thorium. Throughout most of the deposit 
there is slightly more thorium than uranium, but 
the few analyses available on diamond drill cores 
from the southernmost known parts of the orebody 
indicate thorium-uranium ratios of as much as 7:1. 


PROBABLE GENESIS 

Formation of the Ross-Adams deposit is believed 
attributable to two processes, a local concentration 
of probably late-stage accessory uranothorite and 
uranoan thorianite in the alkali granite, followed by 
the emplacement of numerous uranium-bearing and 
thorium-bearing veinlets at the site of the lode. 
Possibly the uranium and thorium minerals in the 
veinlets were derived from reworking the earlier 
accessory uranium-thorium minerals, The causes of 
the local concentration of the accessory uranium- 
thorium minerals are not well understood. Except 
for the quantity of the uranium-thorium minerals, 
the numerous veinlets, and the lack of potassium, 
the properties of the host alkali granite of the lode 
are similar to its unmineralized counterparts. There 
are no recognizable structural features that would 
favor accumulation of the accessory uranium- 
thorium minerals at the site of the deposit. 

One or both of the crosscutting faults may have 
acted as channelways from which the ore-bearing 
veinlets emanated. It is postulated that these faults 





Table Il. Results of Semiauantitative Spectrographic Analyses and Analyses for Uranium and Thorium 
of Twelve Samples of Ore from Ross-Adams Deposit*t 


Percent 
eU U 


0.31 0.64 
0.38 0.38 


0.53 0.56 


Zr 


Na U, Zr 


Al, Fe, 
Th, U, 
Na 


AL Fe, Ti, Pb, 
Na, Th, Zr 


U 
Na, Th 


Al, Fe, 
Na, Th 


* Nearest percent in the series 10, 3, 1, 0.3, 0.1, 0.03, 0.01, 0.003, 0.001. 


Ca, Ti, 
P 


Ca,Hn, Ti, Ba, 
Zr 
Pb, Zr 


Mg, Mn, Ba, 
Mv, Er, Nd, 


Yb 
Mg. Ca, Mn, 
Pb, Y 

Mg, Ba, Dy, 
Y, Zr Er, La, Nd 


Mn, Ce, 
Ca,Mn, Mg, Ba, Dy, . Yb 
Y Er, Sr 


Dy, Er, Sr 
Ba, Dy, Er 


As, Yb 
Nb, Sr, Yb 


Pb, Y 
Mg, Ca, 
Ti, Mn, 
Y 


+ Spectrographic analyses by Joseph Haffty, radiometric analyses by B. A. McCall, chemical analyses for uranium and thorium by 
Roosevelt Moore and for thorium by Erma Campbell, and X-ray fluorescence analyses for thorium by Isadore Adler, ali of USGS. 


t Thorium not analyzed by chemical or X-ray fluorescent methods. 
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A es 
Fig. 6—Uranium-thorium minerals in alkali granite host. 


Iron-stained veinlets emanate from the radioactive min- 
erals. Ordinary light, X20. Reduced about one third. 


, 


Fig. 7—Same field as Fig. 6. The isotropic uranium-thor- 
ium minerals probably include both uranothorite and 
uranoan thorianite. ab is albite, An,. Rest of field consists 
mainly of quartz and sodian adularia. Polarized light, 
X20. Micrograph reduced approximately one third. 


had at least two periods of activity and that they 
were open channels when the hydrothermal solu- 
tions that formed the ore-bearing veinlets were 
active. Later movements on them offset the orebody. 
Indications that these faults may have been chan- 
nelways are that the ore deposit attains its widest 
dimension near the faults (Fig. 4); finely crushed 
ore and vein minerals are found along them; and 
local small deposits of uranium-thorium minerals, 
fluorite, hematite, and rare earths occur along 
similar faults nearby. 


CONCLUSIONS 

This small deposit represents an uncommon type 
of uranium-thorium deposit both in shape and 
mineralogy. Its origin seems to be linked with a 
late fractionization in the alkali granite of uranium, 
thorium, other rare elements, and sodium; first 
uranium-thorium-bearing accessory minerals were 
locally concentrated in the granite, and subse- 
quently numerous ore-bearing veinlets were em- 
placed. 





This report is based in part on field investiga- 
tions in the south of Prince of Wales Island during 


Fig. 8—Details of uranium-thorium-bearing veinlet at 
the Ross-Adams deposit showing uranoan thorianite (?) 
(U-t), calcite (c), hematite (h), and fluorite (f). Iron- 
stained fractures emanating from the uranoan thorianite 
(?) cut the other vein minerals and the alkali granite 
host. Ordinary light, X50. Reduced about one fourth. 


Fig. 9—Same field as Fig. 8, showing the albite (ab), 
(ad), 


An,; sodian adularia and quartz (qz) of alkali 
granite host. Crossed nicols, X50. Reduced one fourth. 


the summers of 1956 and 1957, during which time 
the writer was capably assisted by A. L. Kimball. 
The author also gratefully acknowledges assistance 
in the field studies from personnel of the Kendrick 
Bay Mining Co. and Climax Molybdenum Co., 
particularly R. J. O'Hara and H. Wright, as well as 
several Ketchikan residents. Permission to publish 
data on early mine production was granted by Cli- 
max Molybdenum Co. 

This work is part of a program conducted by the 
U. S. Geological Survey on behalf of the Division of 
Raw Materials of the U. S. Atomic Energy Commis- 
sion. 
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EFFECTS OF STRUCTURE AND 
UNSATURATION OF COLLECTOR 
ON SOAP FLOTATION OF IRON ORES 


by STRATHMORE R. B. COOKE, IWAO IWASAKI, and HYUNG SUP CHO! 


leic acid is the chief ingredient of fatty acids used 

as collectors in nonsulfide flotation. With a few 
notable exceptions, the various quantities of satu- 
rated and other unsaturated acids comprising the 
remainder are usually unspecified. There have been 
occasional investigations to determine the collecting 
ability of these other acids and their effect on col- 
lection with oleic acid, but much remains to be done 
in this field. Hukki and Vartiainen, on the basis of 
tests using palmitic, oleic, and linoleic acids and an 
impure linolenic acid, concluded: “The collecting 
power of fatty acids used in flotation increases with 
increasing unsaturation of the hydrocarbon chain.” * 
Their work was concerned mainly with the response 
of ilmenite to the foregoing collectors, although tests 
were also made with magnetite, pyrite, hematite, 
and rutile. Cooke and Nummela, employing an al- 
most identical technical procedure to evaluate flota- 
tion of hematite, magnetite, and goethite with vari- 
ous fatty acids, including oleic, linoleic, and linolenic 
acids of the highest purity obtainable, found: “The 
effectiveness of 18-carbon unsaturated fatty acids, as 
collectors for hematite, decreases with increase in 
the number of non-conjugated double bonds.’”’* In 
the foregoing investigations, collector efficacy was 
measured on the basis of reagent addition in moles 
per liter. 
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AIME, formerly U. S. Fish and Wildlife Fellow, University of 
Minnesota, is now Metallurgist, U. S. Fish and Wildlife Service. 
TP 598203. Manuscript, Jan. 26, 1959. AIME Trans., Vol. 214, 1959. 
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Sources of fatty acids which may be used as col- 
lectors are legion, but provided the oleic acid content 
is high enough, cost is normally the determining fac- 
tor. Usually this restricts severely the purity of the 
collector in terms of its oleic acid content. Within the 
past year or so users of crude oleic acid have become 
somewhat more discriminating, apparently realizing 
that some of the organic acid impurities may exert 
deleterious effects upon certain separations. 

Marine fish oils have been used as collecting 
agents, particularly in the earlier days of froth flo- 
tation. Currently their use is restricted in this field 
to relatively minor applications, although they are 
cheap sources of fatty acids. In an effort to increase 
the range of uses for fish oils, the U. S. Fish and 
Wildlife Service has awarded contracts to study 
these materials as sources of new products suitable 
for commercial development. Funds for these in- 
vestigations were provided by the Saltonstall-Ken- 
nedy Act of 1954. One such contract was awarded to 
the University of Minnesota School of Mines and 
Metallurgy for the purpose of investigating the use 
of fish oil fatty acids and their derivatives in ore 
flotation. 

Besides the esters of various saturated aliphatic 
acids and of palmitoleic and oleic acids, fish oil also 
contains esters of monoethenoid and polyethenoid 
acids with 20, 22, and 2 carbon atoms. The basic 
purpose of the investigation was to determine 
whether the longer-chained unsaturated acids possess 
collective properties superior to those of the C,, 
monoethenoid oleic acid, the C, monoethenoid palm- 
itoleic acid, or the saturated C,, stearic acid and its 
shorter chain homologues; whether highly unsatu- 
rated acids have merit as collectors; whether rela- 





tively simple and inexpensive fractionation of fish- 
oil fatty acids would yield products that could func- 
tion as well as other fatty acid collectors (including 
relatively pure reagents) or better; and whether 
certain derivatives of fish-oil fatty acids could serve 
as special flotation reagents. 

This article reports the findings with regard to 
anionic flotation of either the iron oxides or the silica 
of ores in which the principal iron minerals are 
hematite and goethite and the principal gangue min- 
eral is quartz. 


REAGENTS 

Most of the fatty acids used have been listed in 
Table I, together with pertinent information. Acids 
A through I were of relatively high purity, but some 
were available only in very limited quantities. The 
position of the double bond or bonds of these acids 
is given as numbered from the carboxyl (-COOH) 
carbon. The iodine value (I.V.) is a measure of the 
unsaturation of the acid. 

Acids J through O are relatively impure commer- 
cial oleic acids or fractions or derivatives thereof. 
Although acids J through N are mixtures of satu- 
rated acids and of C, and C, monoethenoid and 
polyethenoid acids, they contain considerably more 
oleic acid than the oleic acid used for most flotation 
purposes. 

Reagents P through X are mixtures of highly un- 
saturated fatty acids, for which the sources are in- 
dicated. In some instances the bulk mixture was 
separated into fractions of higher and lower degree 
of unsaturation by crystallization from acetone at 
low temperature. Tuna and menhaden fish oils were 
fractionated at the Hormel Institute by the urea 
method.’ The corresponding fatty acids are listed in 
Table I as HO-2, etc., together with their iodine 
values and other information provided by the In- 
stitute. 

Acids 1, 2, and 3 are relatively pure saturated 
acids, each containing 18 carbon atoms in the chain. 
Stearic acid is solid at room temperature; the other 
two are liquid. 

The relationship between acids with cis- and 
trans- configurations is represented by the two fol- 
lowing planar formulas: 


H C(CH,), CH, CH, (CH,),CH 
| | 


| 
H C(CH,); COOH 
Elaidic acid 
(trans-isomer) 


ii 
H C(CH,), COOH 
Oleic acid 
(cis-isomer ) 


In the case of the unsaturated acids, samples were 
stored under nitrogen in a refrigerator. Except in 
certain special tests in which liquid free acids were 
added directly to the conditioning beaker, all were 
converted, under nitrogen, to the corresponding so- 
dium soap by neutralization with 150 pct of the 
stoichiometric requirement of 0.1N carbonate-free 
NaOH. 

Reagent consumption is expressed throughout’ in 
pounds per short ton of original slime-containing 
ore, i.e., on the basis of 500-gm nondeslimed head 
samples. Soap collectors, inorganic acid, alkali, Que- 
bracho, and Marasperse C were measured volumet- 
rically from standard solutions. In certain confirma- 
tory tests, liquid fatty acids were accurately weighed 
and added directly to the conditioner. No tests were 
made below pH 5 because of the poor frothing prop- 
erties of the fatty acids below this value. 


ORE OPERATION AND PROCEDURE 


Most of the flotation tests were made in a Fager- 
gren laboratory cell using wash ore tailings from the 
Mesabi Range, but from time to time confirmatory 
tests were made on other iron ores. Most of the in- 
formation presented here was provided by tests made 
on two wash ore tailings: ore A was used primarily 
for the flotation of contained iron oxide minerals and 
ore B for the flotation of siliceous minerals. Since 
the supply of ore A was exhausted before all the 
silica flotation tests were completed, it was later 
necessary to substitute two somewhat different ores. 
Enough silica flotation tests were made on ore A, 
however, to prove that the same principles applied 
to both ores A and B when essentially the same pro- 
cedure was used. 


Preparation of Ore A for Floatation of Iron Oxide 
Minerals: Ore A contained about 20 pct Fe as hema- 
tite, goethite, a very minor amount of magnetite, and 
about 70 pct insoluble, consisting of quartz and chert. 
A screen analysis of the dry ore, as received, is given 
in Table II. 

After thorough mixing, the ore was divided into 
500-gm samples. Each sample was ground with 5 lb 
H,SO, per ton for 3 min at 60 pct solids. The grind 
was filtered to remove soluble salts, placed in the 
flotation cell, and diluted to 19 pct solids. After Que- 
bracho was added (0.1 lb per ton) and NaOH (0.32 
lb per ton) the pulp was agitated for 3 min. Agita- 
tion was then stopped and all plus 20% quartz was 
allowed to settle. The supernatant slimes were re- 
moved by siphoning, and agitation without further 
reagent addition was resumed for 3 min. This cycle 
of agitation, sedimentation, and siphoning was re- 
peated four times for each sample. As shown by the 
consistency in weights and in iron and insoluble con- 
tents of products, reproducibility of the desliming 
operation was excellent. The weight of —20, slimes 
removed amounted to some 8 pct of the ore and con- 
tained an average of 36 pct Fe and 31 pct insoluble, 
or about 13 pct and 3 pct respectively of those con- 
stituents in the head sample. 

Following desliming, the sands were transferred 
to a 1000-ml beaker, diluted to 60 pct solids, and 
conditioned for 5 min after the addition of Mara- 
sperse C (0.05 lb per ton) and the desired amount 
of collector. The pH during conditioning was not 
controlled and ranged only from 6.8 to 7.1 as meas- 
ured at the end of conditioning. The conditioned pulp 
was immediately transferred to the flotation cell and 
diluted; the pH was readjusted and a rougher froth 
removed. This was cleaned twice in the same cell. 
The rougher tailing, the second cleaner concentrate, 
and the combined middlings from the two cleaning 
stages were then analyzed for iron and insoluble 
contents. 


Preparation of Ore B for Flotation of Silica: Ore 
B assayed about 37 pct Fe as hematite, goethite, a 
small quantity of magnetite, and about 45 pct insolu- 
ble as quartz and chert, so that mineralogically it 
was qualitatively similar to ore A. Table III gives a 
screen analysis. 

In tests made to determine the response of this 
ore to anionic flotation of its silica, it was processed 
down to the conditioning stage in the same way as 
ore A, with the two following exceptions: 1) the 
500-gm sample was ground considerably finer 
(through 150 mesh) in the Abbé mill, because it is 
the writers’ experience that a finer grind is necessary 
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in floating silica than in floating iron oxides, and 
2) five stages of sedimentation were used to remove 
—20, slimes rather than the four employed in pre- 
paring ore A. In each test about 20 pct of the original 
500-gm charge was removed as slimes and assayed 
about 37.5 pct Fe and 40 pct insoluble. 

The deslimed ore was transferred to a 1000-ml 
beaker. After dilution to 60 pct solids the pulp was 
conditioned for successive 5-min intervals with 
CaCl,-2H.O (1.0 to 1.5 lb per ton) and NaOH (to the 
desired pH, usually 11.5), with Gum 9072 (0.3 to 0.5 
lb per ton) and finally with the equivalent of 1.0 
lb of fatty acid, or a total of 15 min conditioning 
time. The pulp was immediately transferred to the 
flotation cell and diluted to volume; the pH was re- 
adjusted to 11.5 by addition of NaOH, and flotation 
commenced. After the silica-bearing froth had been 
removed, the iron oxides remaining in the cell were 
scavenged once using CaCl,-2H,O (1.0 lb per ton), 
Gum 9072 (0.2 lb per ton), and collector (0.5 lb per 
ton). This operation is summarized in the accom- 
panying flowsheet (Fig. 1). 


Ca"’ AND Mg” EFFECT ON IRON 
OXIDE FLOTATION 


It is known that both Ca** and Mg’ are adsorbed 
by quartz, particularly in the pH range more alka- 
line than pH 5, and may function as activating ions 
in the presence of fatty acids or soaps.‘ Laboratory 
tap water at the University of Minnesota averages 
18 and 6.8 ppm of Ca** and Mg”, respectively. Under 
these conditions both the iron oxide minerals and 
substantial quantities of quartz are collected, with 
deleterious effects on selectivity. Even though dis- 


tilled water was used throughout the flotation ex- 
periment to avoid introducing these activating ca- 
tions, it was noted that the rougher concentrates 
obtained by floating the iron oxides were consist- 
ently low-grade and large in bulk. Two or three 
stages of cleaning, however, invariably gave a high- 
grade product, most of the quartz dropping back to 
the middling. 

The rougher and cleaner middlings were found to 
consist chiefly of clean quartz particles, with few 
true middling grains. As the froths were consist- 
ently good, with no undue toughness that might 
cause excessive mechanical entrapment, it was con- 
cluded that the clean quartz was being activated 
either by a slime coating of iron oxides or by traces 
of Ca** and Mg* liberated from the ore itself. To 
check these points the following experiments were 
made. 

A series of simplified flotation tests were made on 
clean quartz, using demineralized distilled water 
containing a suspension of either very finely ground 
hematite or goethite, and oleic, elaidic, and linoleic 
acids as collectors. The quartz did not float, so that 
under the specified conditions it seems improbable 
that either hematite or goethite slimes can activate 
this mineral. 

Ten grams of ore A, containing its slimes, were 
thoroughly agitated with 50 ml of demineralized dis- 
tilled water in a pyrex container, then centrifuged 
at 10,000 rpm for 1 hr. The clarified supernatant 
fluid obtained was used as the liquid phase in a series 
of vacuum flotation tests made with clean quartz, 
employing pure sodium oleate, elaidate, and lino- 
leate, each at an equivalent acid concentration of 





Position of 
Double Bond 


Oleic 

Elaidic 

Linoleic 
Linoelaidic 
Conjugated linoleic 
Conjugated linoleic 
Linolenic 
a-elaeostearic 
B-elaeostearic 
Oleic (technical) 


9, 10, 11, 12, 13, 14 
9, 10, 11, 12, 13, 14 


Oleic (commercial) 
Oleic (commercial) 


Elaidic (impure) 


Marine fatty acid 


Marine fatty acid 
Marine fatty acid 
Marine fatty acid 
Marine fatty acid 
Marine fatty acid 
Marine fatty acid 
Marine fatty acid 
Marine fatty acid 
Marine fatty acid 


Marine fatty acid 


Marine fatty acid 
Marine fatty acid 
Marine fatty acid 
Marine fatty acid 
Marine fatty acid 
Marine fatty acid 
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Marine fatty acid 
Marine fatty acid 
Marine fatty acid 
Marine fatty acid 
Marine fatty acid 


Stearic 
Phenylstearic 


Chlorocarbonated 
oleic 


Table |. Fatty Acids Used in Flotation Tests 


13.4° Cis-isomer 

43.7° Trans-isomer 

—5.0° to —5.2° Non-conjugated cis-isomer 
28° to 29° Non-conjugated trans-isomer 
54° Conjugated cis-isomer 

57° Conjugated trans-isomer 

—11° to —11.3* Non-conjugated cis-isomer 
48° to 49° Conjugated cis-isomer 

71° to 72° Conjugated trans-isomer 

t Cis monoethenoid acid 

ss saturated fraction prepared from J 

ore saturated fraction prepared from J 

.9 pet saturated, 79.9 pct monoethenoid, 4.2 pct 
diethenoid acids 


on 


ix 
So 


SaSS) | 3) | | HS% 


2 oroun 
_ZPPrrrrres 
wuinnnnnen 


_ 
® 


SPP SESS 558558 
3 
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Prepared by selenium isomerization of J. 56.5 pct 
monoethenoid, 13.5 pct diethenoid acids 

From menhaden oil. 1.9 pct Cis di-, 10 pct Cw» tetra-, 
14.9 pet Ca pentaethenoid, 27 pct Cx acids 

Unsaturated fraction prepared from P 

Unsaturated fraction prepared from P 

More saturated fraction prepared from P 

Bulk fatty acid from salmon egg oil 

Unsaturated fraction prepared from T 

Bulk fatty acid from salmon egg oil 

Unsaturated fraction prepared from V 

Less saturated fraction prepared from P 

Palmitic acid with ——— quantities of pal- 
mitoleic and polyethenoid acids 

Palmitic and stearic acids with appreciable oleic 
and polyethenoid acids 

Mixture of palmitoleic and palmitic acids 

High content of palmitoleic acid 

Mixture of Ca» and Ca mono- to hexaethenoid acids 

Mixture of Ca and Cz mono- to hexaethenoid acids 

Largely Cx» mono- and diethenoid acids 

— mixture of stearic, oleic and polyethenoid 
ac 

Largely Cie and Cis di- to tetraethenoid acids 

Cis and Cis saturated and monoethenoid acids 

Primarily palmitoleic and oleic acids 

Mainly Co mono-, di-, and polyethenoid acids 

Mainly Cx» monoethenoid acid 

m.p. 69.6° 

m.p. below —15°. 96 to 98 pct pure, obtained com- 
mercially 

Prepared by Hormel Institute 
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Table II. Dry Screen Analysis of Ore A 





Percent Assay 
Insoluble 





Weight, Pct 








SweosBRano 
SabS28288 
SESSS8883 
se2ksapes 


~ 








Table Ill. Dry Screen Analysis of Ore B 





Percent Assay 
Inseluble 





3 
° 


Weight, Pct 


| 


53.87 
45.19 
34.42 
37.11 
41.73 
60.74 
45.03 


SSSEESS | 
2Eesess 








Table IV. Selectivity Indexes Obtained with Synthetic 
Mixtures of Pure C» Aliphatic Acids 





Acid Mix- 


Percent of Iedine Value Selectiv- 
ture No. Cc tit Cc tit t 


of Mixture ity Index 





M-1 Stearic acid 45 
te Linoleic acid 101.7 4.03 
- tearic acid 
_ —— acid 106.5 8.40 
- eic acid 
Linolenic acid 107.2 10.06 
M-4 Stearic acid 
Linoleic acid 113.3 6.72 
Linolenic acid 
M-5 Stearic acid 
Oleic acid 





112.0 8.16 


Linoleic acid 104.3 9.83 
Oleic acid 

Linoleic acid 102.5 8.85 
Linolenic acid 








Table VI. Flotation of Undeslimed Ore A at pH 11 with 
Three Acids of High Unsaturation 





Percent Assay 
of Cleaner Concentrate 
— - - Selectiv- 
Collector Fe Recovery, Fe ity Index 


Linoleic acid 63.64 J 64 1 
Linolenic acid 63.70 . 1 
Acid R 61.86 








10“ M per liter. At pH 8.8 the quartz floated with 
linoleate but not with oleate or elaidate. At pH 10.5 
the quartz floated with oleate, but only slightly with 
elaidate. 

A further test consisted of agitating 10 and 20 gm 
of the whole ore in 50 ml of demineralized dis- 
tilled water, centrifuging as before, and determining 
spectrograpically the ion content of the clarified 
supernatant liquid. A similar procedure was applied 
to 50 ml of the supernatant liquid from a flotation 
pulp of the same ore, after it had been deslimed by 
the procedure described on page 921. The averaged 
alkaline earth metal contents so determined were 
respectively 17, 23, and 7 mg of calcium per liter 
and 0.5, 0.5, and 0.1 mg of magnesium per liter. 

This shows conclusively that enough ions are lib- 
erated from the ore itself to activate quartz and that 
the relatively large quantity of quartz floated in the 
rougher concentrate can be attributed to this factor. 
It is also significant that a single stage of cleaning, 
performed by diluting the rougher concentrate with 
water free of calcium and magnesium, can depress a 
major quantity of the included quartz. It is logical to 
presume that the dilution causes desorption of the 
activating ions. Experimentally the same end re- 
sult can be obtained by using calcium and magne- 
sium complexing reagents in either the rougher or 
cleaning stages, but to avoid introducing another 
variable these reagents were not used in obtaining 
the results presented here. 


PRESENTATION OF RESULTS 

To circumvent the usual difficulty in evaluating 
flotation separation, selectivity index*® has been pre- 
ferred over any other single-number criterion. In 
a three-product separation (concentrate, middling, 
tailing) there is a question of what to do with the 
middling. The writers have followed the uniform 
practice of including any middling product with the 
tailing in computing selectivity index, although they 
are fully aware that this penalizes the reagent be- 
cause of the increased iron content of the tailing 
in the case of iron oxide flotation and of the siliceous 
froth product in the case of quartz flotation. Selec- 
tivity index has been calculated from the expression: 


SI M nn 
m N 
in which: 

M = percent Fe in the second cleaner concen- 
trate, when iron oxides were floated, or percent Fe 
in the final cell residue when silica was floated. 

m= percent Fe in the composite consisting of 
combined rougher tailings and the two middlings, 
when iron oxides were floated, or percent Fe in the 
composited siliceous tailing of Fig. 1 when silica was 
floated. 





Table V. Performance of Some Isomers of Cu Aliphatic Acids as Collectors for Iron Oxide Minerals at pH 6.0 





Percent Insoluble in 
Selectivity Index nd Cleaner 
25° 70° 











— ee 
--E2eoro 


All ore floated 
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N = percent insoluble in the iron oxide concen- 
trates, whichever process was employed. 

n = percent insoluble in the respective composite 
products listed under m above. 

On the basis of a large number of systematic tests 
it was determined that, among other factors, the pH 
of the pulp, the degree of unsaturation of the fatty 
acid collector, the structure of the fatty acid col- 
lector, the pulp density during conditioning, and the 
temperature of conditioning and flotation were of 
critical importance in obtaining high selectivity in- 
dexes. The effects of the first three listed factors are 
described in this article. Conditioning at 60 pct solids 
was adopted because this gave markedly superior 
results compared with those obtained at lower pulp 
consistencies. Insufficient ore for the large number 
of tests required prevented flotation at higher pulp 
consistencies than the 19 pct solids adopted, although 
other tests have clearly demonstrated that superior 
results can be so obtained. Conditioning and flota- 
tion for all tests reported in this article were per- 
formed at room temperature (25°C +1°), unless 
otherwise specified. 

In all but two of the accompanying illustrations 
PH is plotted as the abscissa and selectivity index as 
the ordinate, and each curve represents the results 
obtained with a particular collector, labeled in con- 
formity with its listing in Table I. Because the grade 
of iron ore concentrates is important, the insoluble 
content of these is indicated for each point shown on 
the pH-selectivity index curves. 

In the two illustrations excepted, the iodine value 
of the collector is plotted against the corresponding 
selectivity index as obtained at flotation pH of 6.0 
or 11.5. 


SELECTIVE FLOTATION OF IRON OXIDES 
WITH FATTY ACIDS 


Flotation with Pure and Impure Oleic Acids: 
Oleic acid is a commonly used collector because it 
is cheap and readily available. The commercial acid 
is a very impure mixture only roughly approximat- 
ing a C, monoethenoid acid. Four oleic acids were 
used (A, J, M, and N of Table I), one (A) being 99.8 
pet oleic acid, hereafter referred to as pure oleic 
acid. The addition level for all collectors was 0.5 lb 
per ton of original (nondeslimed) ore, and tests were 
made at pH values for 5.0 through 9.0. 

Fig. 2 gives the results, which show that selec- 
tivity index rises to a maximum between pH 6 and 
some value above 7 for all four collectors. At pH 8 
the selectivity index decreases to unity (i.e., all the 
ore floated), except for pure oleic acid, for which it 
decreases to unity at pH 9. It will be noted that 
optimum grade of concentrate was obtained with 
acids M and N at pH 6, and with acids A and J at 
pH 7. From other work, it seems probable that the 
linoleic and linolenic acids in J are partly or wholly 
responsible for its relatively poor selectivity. Results 
in Fig. 2 show that selective flotation of the ore in- 
vestigated depends on pH of the pulp and that only 
through a narrow pH range are the iron oxide min- 
erals floated selectively from quartz. Tests on other 
iron ores’ gave results that agreed remarkably with 
these. 

Effect of Degree of Unsaturation of the Fatty Acid 
on Selectivity: Tests were made with 22 fractions 
of fish-oil fatty acids of various degrees of unsatu- 
ration, and with other acids or mixtures of acids. All 
tests were made at pH 6 using 0.5 lb of fatty acid per 
ton. Fig. 3 gives the results of plotting selectivity 


924—MINING ENGINEERING, SEPTEMBER 1959 


index against the iodine value of the collector. 

All available evidence indicates that highly un- 
saturated acids are unsatisfactory collectors in float- 
ing iron oxides from quartz. Omitting the apparently 
anomalous behavior of acids HO-18 and HO-26, best 
results were obtained with fatty acids of less than 
110 LV. Acid HO-5, a mixture of palmitoleic acid 
(Cy, with one double bond) and palmitic acid (Cw, 
saturated), gave moderately superior selectivity. 
Acids HO-6 and HO-19 are oustandingly good col- 
lectors, both strictly comparable with pure oleic acid 
in ability to give high selectivity index, high grade 
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Fig. 1—Anionic flotation, silica from wash ore iailing. 
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pH OF PULP 
Fig. 2—Selectivity indexes obtained on wash ore tail- 
ing (ore A) with four grades of oleic acid. Numbers 
give percent insoluble in each second cleaner concen- 


trate. Fatty acid added, 0.5 lb per ton original feed. 





of second cleaner concentrate, low grade of tailing, 
and high recovery of iron. HO-6 has a high content 
of palmitoleic acid, and HO-19 consists primarily of 
palmitoleic and oleic acids. 

Fig. 3 shows that a pure acid (A) or a mixture 
of essentially monoethenoid acids (HO-6, HO-19), 
of limited unsaturation, gives high selectivity. To 
determine whether mixtures of saturated and un- 
saturated acids having about the same iodine values 
would serve the same purpose, a number of synthetic 
mixtures of pure fatty acids were prepared. Com- 
position of the mixtures is given in Table IV, and 
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Fig. 3—Selectivity indexes on flotation of iron oxide 
minerals from wash ore tailing (ore A) with pure C., 
saturated acids (open circles) and with fish-oil fatty 
acids and mixtures of pure Cy acids (see Table 1). 
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Fig. 4—The selectivity indexes obtained on wash ore 
tailing (ore A) with a technical grade of oleic acid 
(J), with an impure elaidic acid (O) prepared from J, 
with pure oleic acid (A), and with a pure elaidic acid 
(B). Fatty acid addition was 0.5 lb per ton of ore. 


flotation results are plotted in Fig. 3 under the 
M-designation used in the table. The selectivity in- 
dexes agree well with the curve of Fig. 3. Some of 
the synthetic mixtures were semi-solid at room 
temperature, and for the sake of uniformity all were 
converted to the sodium soaps and added to the con- 
ditioner as such. 

Effect of Fatty Acid Structure on Collection: 
Under the requisite conditions, palmitoleic and oleic 
acids are highly effective collectors in floating iron 
oxides from quartz. Palmitic acid, the sixteen-carbon 
saturated analogue of palmitoleic acid, has been 
shown by Keck* to be a moderately good collector 
for hematite. Stearic acid is a solid at room tempera- 
ture, and the free acid is so slightly soluble in water 
that it is completely ineffective as a collector. Above 
pH 7 sodium stearate is a moderately selective col- 
lector for iron oxides but seems considerably less 
effective than sodium oleate, either in selectivity or 
in level of addition to give a desired recovery. 

In view of the marked difference in performance 
between stearic and oleic acids and their soaps, it is 
valid to inquire if there is a difference in collecting 
ability between oleic and elaidic acids, the cis- and 
the trans-isomer, respectively, of A*”-octadecenoic 
acid. 

Initially no elaidic acid was available, so acid J 
(Table I) was isomerized with selenium.’ Separation 
of reaction products from the equilibrium mixture 
was effected in methyl alcohol at low temperature, 
giving a 66 pct yield of a high melting point product, 
presumably containing the trans-isomer, and a 34 
pet yield of low melting point material, in accord 
with anticipated yield. The melting point of the 
former, however, was only 26°C, compared with 
about 45°C for pure elaidic acid, and it is probable 
that it was an impure mixture of elaidic, linoelaidic, 
linolenelaidic, and oleic acids. 

The sodium soap of the high melting point frac- 
tion so obtained was used as a collector for deslimed 
ore A in a series of flotation tests over the pH range 
5 to 8. It will be noted from the results (Fig. 4) that 
selectivity index was exceptionally high over the 
given pH range, with a maximum at pH 6. The high 
grades of the second cleaner concentrates at pH 5 
and 6 (3.22 and 3.87 pct insoluble, respectively) 
should also be noted. Results differ markedly from 
those obtained (curve J, Fig. 4) with the oleic acid 
from which the impure elaidic acid was prepared. 

Later work with pure elaidic acid gave the re- 
sults shown in curve B, Fig. 4. In comparing selec- 
tivity indexes and grades of concentrates obtained 
with the impure and the pure elaidic acids, it will be 
seen that results obtained with the former are much 
superior over the pH range 5 to 7. However, selec- 
tivity indexes given by the pure acid remain rela- 
tively constant over the pH range 6 through 9, and 
the concentrates range in grade only from 5.04 to 
9.71 pct insoluble. At pH 8 the grade given by pure 
elaidic acid is markedly superior to that obtained 
with pure oleic acid at almost identical selectivity 
index. At pH 9 all the ore floated with pure oleic 
acid, but selection remained excellent with elaidic 
acid. 

Reasons for the differences in performance be- 
tween the impure and pure elaidic acids are obscure. 
From observation during testing it does not seem 
that these variations in performance can be attrib- 
uted to differences in frothing characteristics. It is 
possible that they are partly due to the presence of 
linoelaidic acid derived from the technical grade of 
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oleic acid used in preparing the impure elaidic acid. 

From work that will be presented in detail in an- 
other paper it has been determined that, at equiva- 
lent additions, elaidic acid is only slightly less 
effective than oleic acid as a collector for hematite 
over the pH range 4 to 8 but is markedly superior 
from 8 to 9.5. Elaidic and oleic acids are excellent 
and equally effective collectors for goethite over the 
pH range 3 to 10. Conversely, at any pH above 8, 
elaidic acid is inferior to oleic acid as a collector for 
calcium-activated and magnesium-activated quartz. 
These results offer an empirical explanation for 
the superior grades and selectivities obtained with 
pure elaidic acid between pH 8 and 9, as shown in 
Fig. 4. 

In an attempt to extend the foregoing work, a 
number of flotation tests were made on ore A at 
pH 6, using various structural isomers of linoleic and 
linolenic acids at 25°C and 70°C (Table V). Scope 
of the tests was limited because only a small amount 
of each isomer was available. 

At 25°C neither nonconjugated linoleic nor non- 
conjugated linolenic acids are particularly selective 
collectors for iron oxides, and both give undesirably 
fine-bubbled froths that occlude much gangue. At 
70°C selectivity improves, more so for linoleic than 
for linolenic acid. At 25°C linoelaidic acid is mark- 
edly more selective than its cis-isomer, but at 70°C 
the difference is much less marked. Conjugated 
trans-trans linoleic acid gave intermediate selec- 
tivity at 25°C, but at 70°C selectivity was much en- 
hanced and gave a concentrate containing only 3.05 
pct insoluble. It is noteworthy that at pH 6, neither 
a- nor B- eleostearic acids (both positional isomers 
of linolenic acid) function as selective collectors. 

Because the tests were limited to a single pH, the 
information provided is perhaps too meager to per- 
mit drawing specific conclusions, but the generaliza- 
tion may be made that selectivity depends on con- 
figuration of the acid used as a collector. 


SELECTIVE FLOTATION OF QUARTZ 
WITH FATTY ACIDS 


It has long been known that quartz can be floated 
with fatty acids provided that a multivalent metal 
cation is available for activation and that the pH is 
adjusted to an optimum value for the cation used. 
The availability of a large number of fatty acids led 
to an investigation of their applicability to flotation 
of calcium-activated quartz. 

Preliminary tests were made on ore A after it had 
been ground through 100 mesh, deslimed at 20. 
and conditioned at 60 pct solids with the reagents 
and addition levels given above. (See Preparation of 
Ore B for Flotation of Silica.) One pound of oleic, 
linoleic, and linolenic acids was used per ton of ore. 
Results at pH 10, 11, and 12 are given in Fig. 5. 

Selectivity with linoleic and linolenic acids is low 
at pH 10 but is greatly enhanced at higher alkalin- 
ities. In comparison, oleic acid is a very poor col- 
lector for calcium-activated quartz over the pH 
range shown. At pH 11 and above, the quartz was 
heavily flocculated when linoleic and linolenic acids 
were used in collecting, but not when oleic acid was 
used. Addition of small quantities of a hydrocarbon 
oil markedly decreased this flocculation and tended 
to inhibit flotation. 

It is relevant to present the results of another 
series of tests in which ore A was ground through 
100 mesh with the usual addition of H,SO,. The grind 
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was filtered and washed and, retaining its comple- 
ment of slimes, was conditioned at 60 pct solids for 
silica flotation. In separate tests one pound of lino- 
leic and linolenic acids, and fish-oil acid R (Table I), 
per ton of ore was used in collecting. The results of 
three such tests made at pH 11 are given in abbre- 
viated form in Table VI. Both linolenic and linoleic 
acids gave excellent results, producing concentrates 
with almost the same iron content (63 + pct Fe) as 
those obtained by floating the deslimed ore. Acid R, 
a mixture of highly unsaturated fish-oil fatty acids, 
was less effective than the foregoing pure acids but 
gave a selectivity and grade of concentrate com- 
parable to those obtained with pure oleic acid when 
iron oxides were floated from the deslimed ore (Fig. 
2). Under no conditions could the iron oxides be 
floated from their ores unless the slimes had been 
removed. 

Effect of Degree of Unsaturation upon Selectivity: 
Tests were made on ore B, ground through 150 
mesh, deslimed, and conditioned as described pre- 
viously. Pure oleic, linoleic, and linolenic acids and 
19 acids derived from fish-oils were used as col- 
lectors. In Fig. 6 a dotted line is drawn through the 
points representing results with the pure acids. 

It will be noted that in general the results are the 
converse of those obtained when iron oxides are 
floated from the silica, i.e., the greater the degree of 
unsaturation of the collector the higher the selec- 
tivity index. 

Acids J, M, and N (impure oleic acids) gave 
higher selectivity indexes than pure oleic acid (A) 
presumably because of the content of polyethenoid 
acids. 
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Fig. 5—The selectivity indexes and grades of concen- 
trates (percent insoluble) that were obtained by float- 
ing the silica from wash ore tailing (ore A) with oleic 


acid (A), linoleic acid (C), and linolenic acid (G). 
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Fig. 6—Selectivity indexes on flotation of silica pom 
wash ore (B) tail ing with C,, unsaturated acids (ope 
circles) and with marine-oil fatty acids (Table D. 


The results given by acids L and HO-18 seem to 
be anomalous. The former is a fraction prepared 
from acid J and from its iodine value should con- 
tain the more saturated constituents. Acid HO-18 
gave a low selectivity when iron oxides were floated 
(Fig. 3) and a high index when silica was floated. 
The reasons for these apparent anomalies are un- 
known. It is worth noting that acids containing rela- 
tively large quantities of palmitoleic acid (HO-6 and 
HO-19) gave high selectivity indexes. 

A less extensive investigation of silica flotation 
from ore A gave essentially the same distribution of 
selectivity index vs iodine value as that shown in 
Fig. 6. 

On a laboratory scale there is one noteworthy 
difference between floating the iron oxides and float- 
ing the silica. For iron oxide, flotation time is rarely 
less than 4 to 5 min. With silica, flotation is ex- 
tremely rapid, and most of the silica, the major com- 
ponent of the ores tested, is removed from the cell 
in less than a minute. This difference in flotation 
rates may be related to the much lower froth sta- 
bility at pH 5 than at pH 11, and enhancement of 
flotation at the former pH may be affected by addi- 
tion of froth-modifying reagents. 


SUMMARY 


Standardized flotation tests were made on iron 
wash ore tailings containing hematite, goethite, 
quartz, and chert, using fatty acid collectors of vari- 
ous degrees of unsaturation and of different struc- 
ture. Some of the collectors were nearly pure, others 
were mixtures of fatty acids which had been care- 
fully fractionated from several types of fish oils. 
Separation was effected either by floating the iron 
oxide minerals from the siliceous gangue or by ac- 
tivating the gangue and floating it from the iron 
oxides. The primary variable was pH. 


Results of the tests led to the following conclu- 
sions: 


1) With all the collectors tested, and under the 
conditions specified, there is a sharply defined cor- 
relation of pH with selectivity index. This is true 
for the flotation of either the iron oxide minerals or 
of the calcium-activated siliceous gangue. 


2) When the iron oxide minerals are floated, the 
selectivity index obtained depends on the structure 
of the fatty acid collector. Acids with the trans-con- 
figuration give a higher selectivity than those with 
the cis-configuration. 

3) Fatty acids of less than 110 LV. give satis- 
factory separation of iron oxides from siliceous 
gangue within a narrow pH range, usually from 6 
to 7. 

4) Fatty acids of greater than 110 I.V. are un- 
satisfactory for floating iron oxides from siliceous 
gangue, irrespective of the pH. 

5) Oxidized iron ores release appreciable quan- 
tities of calcium and magnesium to the aqueous 
phase. The evidence shows that this is responsible 
for the activation of quartz and chert when iron 
oxides are floated from those minerals and that this 
leads to a marked decrease in selectivity. This is 
particularly true of collecting with fatty acids of 
high degree of unsaturation. 

6) Fatty acids of greater than 110 LV. are 
powerful and selective collectors for calcium-acti- 
vated quartz and chert when these minerals are 
floated from iron oxides, and the rate of flotation is 
very rapid. For maximum selectivity in this process 
the pH must be higher than 11. 

7) Some evidence is presented that quartz and 
chert may be floated from slime-containing iron ore. 
The slimes completely inhibit the inverse process of 
floating the iron oxides from the same ore. 

8) The more saturated fractions of fish oil fatty 
acids show technical promise in floating iron oxide 
minerals from siliceous gangue. Conversely, the 
highly unsaturated fractions are effective collectors 
for calcium-activated quartz and chert. 


This article is condensed from a thesis submitted 
by H. S. Choi in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy at the 
University of Minnesota. The project was initiated 
by M. Stansby, chief, Pacific Coast Technological 
Research, Bureau of Commercial Fisheries, Fish and 
Wildlife Service, U.S. Department of the Interior. 
To him and to his staff grateful acknowledgment is 
made for technical assistance and continuing inter- 
est. The scope of the work was greatly extended by 
the availability of various high-purity aliphatic acids 
and fish-oil acids furnished by Hormel Institute, 
University of Minnesota, to whose director, W. O. 
Lundberg, and staff the writers owe thanks for ad- 
vice and for many courtesies. Particular thanks are 
due H. H. Wade, director, and V. E. Bye, chemical 
engineer, of the Mines Experiment Station, Univer- 
sity of Minnesota, for providing the necessarily large 
number of chemical analyses. K. V. Batro also as- 
sisted in some of the experimental work. 
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FACE VENTILATION 
FOR CONTINUOUS MINERS 


ontinuous mining has revolutionized the coal in- 

dustry but intensified the problems of earlier 
mechanization. From the installation of the first 
miner, it was recognized that face ventilation would 
be one of these problems. 

To establish an efficient work cycle for the equip- 
ment being used, conventional mechanized mining 
provides four or more development faces. Continu- 
ous mining, relying on a single machine, requires 
only one face, although more than one can be 
driven alternately by the same machine. In gaseous 
areas mined by the older methods, the intermittent 
rate of exposure allows time for the face to bleed 
off or be cleared, and the width obtained with con- 
ventional units makes it possible to hang a brattice 
line almost to the face. Continuous mining increases 
the ventilation hazards; there is no margin of time, 
and very limited space. 

For all practical purposes, continuous miners 
available today can be grouped into two major 
types, rippers and borers. The two can be further 
classified, respectively, as flexible and rigid. 

Both types have been in operation in U. S. coal 
mines for the past five to ten years in a number of 
seams, under various conditions ranging from 
slightly gaseous to very gaseous. Common methods 
of face ventilation utilizing jute or plastic brattice 
material for line curtains, stoppings, and checks 
have so far met with success. Air volumes to oper- 
ating sections are greater than for conventional 
mining, and specific instructions have been given to 
section crews stressing the precautions needed in 
dealing with a steady rate of gas emission and the 
importance of maintaining reasonably air-tight 
brattice to direct a good steady flow toward the face 
at all times. 





J. D. KALASKY is Ventilation Engineer, Eastern Gas & Fuel As- 
sociates, Pittsburgh, Pa. TP 4809F. Manuscript, Oct. 2, 1958. Spring 
Meeting, Central Appalachian and Coal Division, Lexington, Ky., 
June 1958. AIME Trans., Vol. 214, 1959. 
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Operators of continuous miners, as well as the 
foreman on each section, are equipped with an ap- 
proved safety lamp for gas testing. When the miner 
is in steady operation, tests for gas at the face are 
made at 15 to 30-min intervals, depending on the 
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Fig. 1—Mining plan, Pittsburgh seam, boring-type miner. 
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Fig. 2—Pittsburgh seam, face and cross-sectional 
dimensions of entries driven by two models of borer. 





rules set up by the particular mine in which the 
machine is being used. In some cases the oper- 
ator can test for gas directly behind the head of the 
machine while it is working. When the miner loads 
directly into shuttle cars, tests are made between 
car changes. 

Company standards require that ventilation on an 
active section be improved if air immediately re- 
turning from the split contains more than 0.50 pct 
methane. To comply with this standard, approved 
methane detectors are used by safety officials and 
others to make daily checks in the working areas, 
and weekly atmosphere analyses are made on return 
air samples taken from the sections and tested in 
the laboratory. 

To maintain the methane content below the 0.50 
pct standard, air volume requirements per split for a 
section employing a boring type of miner in the 
Pittsburgh seam average 20,000 cfm; for a ripper 
type in the Pocahontas No. 3 seam, 18,000 cfm; and 
for a butt heading set-up utilizing both ripper and 
borer simultaneously in development and retreat in 
the Lower Kittanning seam, 18,000 cfm. These are 
requirements in three particular mines and are not 
necessarily representative for other mines in the 
same coal seams. 

Boring-Type Miner, Pittsburgh Seam: Fig. 1 
shows the plan for the Pittsburgh seam where a 
boring-type miner is used. Methane liberation for 
this mine in a 24-hr period is approximately 3 mil- 
lion cu ft. Fig. 2 shows the face pattern and cross- 
sectional dimensions of entries driven by the two 
models of the boring miner in operation. 

Butts are driven (Fig. 1) with three entries on 
72-ft and 78-ft centers. Breakthroughs are driven 
on an angle of 60° and staggered by 30 ft. Break- 
through centers measured along the center line of 
the entry are 83 ft. 

The miner drives the middle entry (No. 2) about 
30 ft, then drops back and drives a break through 
to the right to entry No. 3 and drives entry No. 3 
ahead 85 ft. The unit is then moved back through 
the breakthrough to its initial starting point in the 
middle entry. The miner drives about 55 ft in the 
No. 2 entry, drops back and drives the breakthrough 
to the left, and continues driving No 1 entry ap- 
proximately 85 ft. As the miner advances, the brat- 
tice man brings up the canvas directly behind the 
machine. 

Air is brought up the No. 1 entry (Fig. 1) when 
rooms are to be driven off to the left and up the 
No. 3 entry when they are to be driven to the right. 
This directs it first to the solid workings and then to 
the pillars and worked out areas. The bleeder sys- 
tem and the main return from the butt maintains 
positive air pressure on the gob. 

In development, an adequate and continuous flow 
of air is provided at the face by a line brattice hung 
on the rib of the entry and maintained at all times 
to within 16 ft of the face or up to the position of 
the miner operator. 

The brattice material, 7-ft wide canvas, is held 
snugly against the top and sides of the entry by 
nails stuck through the canvas edges and holes 
located in case-hardened spads driven into the coal 
top and rib. Easily handled lengths of canvas, folded 
and placed on the miner, are extended as it ad- 


Fig. 5—Photograph shows the installed brattice line in 
the entry after the continuous miner has been moved out. 


vances. An overlap of about 12 in. is allowed at the 
joints. The spads for hanging the canvas are driven 
beyond the end of the brattice line, sometimes to 
within 5 or 6 ft of the face. All there is to extending 
the canvas is to stretch it and pin it to the spads, 
which are spaced on 2-ft centers in the direction of 
advance. 

Canvas hung in this manner gives a cross section 
of about 10 sq ft, with smooth sides offering little 
resistance to air flow. This type of brattice has 


Fig. 3—As miner advances, brattice man brings up canvas. 


Fig. 4—The view above shows how the canvas is held up 
off bottom to allow the loading machine to pick up coal 
that is dropped to the mine floor by continuous miner. 
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Fig. 6—Projection plan for mining with the continuous miner. 


proved very successful in conducting intake to the 
face, as air pressure inflates the canvas to its maxi- 
mum surface. It would not be satisfactory in con- 
ducting return from the face, since pressure would 
slacken the canvas unless other more expensive 
methods of holding it open were used. 

When the line brattice, installed as described, is 
used for intake, air arriving at the end of the canvas 
has ample velocity. It is also directed by the motor 
blower, the revolving arms of the machine, and the 
body of the machine itself. With this set-up it has 
been possible to conduct an effective volume of 6000 
cfm to the end of a 70-ft brattice line, starting with 
approximately 12,000 cfm outby the point where the 
air is checked and directed into the brattice areas. 
Under present conditions in the mine, it is believed 
that 4000 cfm at the end of the brattice would amply 
handle the job. 

One of the objectionable features of this system 
is the dust problem that arises when water sprays 
are not functioning properly, but this can be mini- 
mized by dual controls on the machine to allow the 
operator to handle it from the intake side at all 
times. One machine has been equipped with these 
controls. 

Another way to prevent dust passing over equip- 
ment operators is to conduct the air to the face on 
the wide side of the line brattice and return it on 
the narrow side. It is assumed in this case that the 
miner operator is on the intake side of the split. 
The disadvantage here is that the lowered velocity 
in the air stream reaching the end of the line brat- 
tice would appreciably reduce the effectiveness of 
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face ventilation. To impart the same sweeping ve- 
locity to the air as that obtained in the intake brat- 
tice system would require considerably more air on 
the section and consequently in the main ventilation 
system. 

Rooms on 83-ft centers, with breakthroughs on 
83--ft centers, are driven to the gob made by a pre- 
viously mined out butt (Fig. 1). Room pillars are 
then retreated in lifts, leaving a 4 to 5-ft fender be- 
tween each lift. Brattice is maintained in the same 
way it is used in the butt headings, except that 
after the pillars are formed canvas checks in the 
room breakthroughs are enough to insure adequate 
ventilation in the pillar lifts. 

Ripper-Type Miner, Pocahontas No. 3 Seam: The 
mining plan used with a modified ripper in the 
Pocahontas No. 3 seam is shown in Fig. 6. The mine 
liberates 1.5 cu ft of methane daily. 

Three butt headings, approximately 17 ft wide on 
70-ft centers, are driven with right angle break- 
throughs on 90-ft centers. Development is cyclical, 
as the miner can open a width of only 8 ft 6 in. and 
requires two passes to develop the entry desired. 

The miner advances the face 6 ft in one penetra- 
tion before moving over to widen the entry and 
bring up the face. Advance has been set at 6 ft 
primarily because it has proved difficult in this 
mine to remove gas from the pocket formed. 

With each 4-ft advance of face, production is 
stopped long enough for temporary installation of 
a 4in. x 8 in. x 14-ft header on roof jacks and wood 
posts so the miner operator will be protected at all 
times. The pre-drilled headers are bolted to the roof 





when the miner moves out. As each header is set, 
the canvas brattice line is extended. 

The immediate top is a treacherous draw slate 
with kettle bottoms, horsebacks, and slips which 
limit the amount of top that can be temporarily 
supported. Consequently the miner must move out 
after advancing the entry about 32 ft to allow the 
bolting machine to bolt the headers. 

When the butt entry is developed to the back 
end, rooms on 60-ft centers with breakthroughs on 
70-ft centers are driven to the gob. Room pillars are 
split once in. the middle and lifts taken open-ended 
from the split in the direction of the gob. 

Canvas face ventilation facilities are used through- 
out, even in the pillar splits, to provide adequate 
air flow to the miner face (Fig. 7). When nailed to 
the headers and posts, the 6-ft wide canvas makes 
an air brattice of about 3x4% ft, or 12 sq ft, be- 
tween coal rib and canvas. Effective volumes of 3000 
to 4000 cfm are maintained at the end of the brat- 
tice lines. 

Ripper and Boring-Type Miners, Lower Kittan- 
ning Seam: The mining plan used in low coal in the 
Lower Kittanning seam is shown in Fig. 10. One 
million cubic feet of methane is liberated from this 
seam mine in 24 hr. Two miners, one a ripper and 
the other a low coal boring type, develop eight 
entries on 80-ft centers after three entries are 
driven through the main entry barrier. Break- 
throughs also are on 80-ft centers, forming pillars 
about 63 ft square. When the butt heading is ad- 
vanced to the back end, the pillars formed are re- 
treated on a flat pillar line by the two miners. The 
boring machine mines the center entry and the area 
to the left while the ripper mines the area to the 
right. 

The boring-type miner, capable of driving an 
entry 9 ft wide in one pass, requires two passes to 
develop entries and breakthroughs 18 ft wide. Gas 
and roof conditions permit a 12-ft advance, sump 
cut, before the face reaches its required width. As 
each 4 ft of face is evened up, 5x8-in. 14-ft headers 
are set on posts. At the same time, a plastic brattice 
line 48 in. wide is nailed to the posts and ends of 
headers which are set to one side of the entry. An 
area of about 3 ft by 3 ft 4 in. is available behind 
the brattice line to conduct air to the miner face. 

The ripper-type miner drives entries 16 ft wide. 
Since the shallow sump cut makes it possible to ad- 
vance almost a full face width at all times, the brat- 
tice line is advanced as headers are set. The area 
provided by the brattice in this case is about 2 ft by 
3 ft 4 in., or 6.5 sq ft. 

Air volumes at the miner faces are 8000 cfm for 
the borer and 7000 cfm for the ripper. Brattice lines 
on this section are used to exhaust and intake with 
equal effectiveness at each of the miner faces, since 
the plastic brattice, nailed to posts and headers, is 
firmly supported and the full face width is devel- 
oped on the ripper section where the exhaust brat- 
tice is used. 

Plastic brattice stoppings and checks, as shown on 
the plan, together with brattice lines as near the 
face as miner width allows, provide facilities for an 
air lock system that confines air flow along the 
working places, whether in development or along 
pillar lines. The successful ventilation of continuous 
miner faces under this program can be attributed to 
good face control and to the entire air distribution 
and control system. This system minimizes the pos- 
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Fig. 7—Schedule of pillar extraction with miner. 
Canvas face ventilation facilities are used here also. 
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Fig. 8—Plan for low coal in Lower Kittanning seam. 


sibility of interruption and insures a constant flow 
of air, however small, across the pillar line to the 
bleeder and away from the men and equipment. The 
alertness and care of the mining crews have been 
essential in carrying out this program. 

Other methods of face ventilation for continuous 
miners have been suggested on the basis of data 
collected for many more installations than the few 
described in this article. Those discussed here are 
examples of systems now in use and are not in- 
tended to be the last word in this important phase 
of mining. 

It is anticipated that face ventilation for continu- 
ous miners will present greater problems when ex- 
tremely gaseous, virgin coal areas are developed. 
Only through research and development and open- 
minded consideration of results can a practical 
solution be attained. 





Discussion of this article sent (2 copies) to AIME before Oct. 31, 
1959, will be published in Mrvine ENGInsenine. 
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SCANDINAVIAN ELECTROMAGNETIC 


PROSPECTING 


ost early development and application of electro- 

magnetic prospecting methods took place in 
Scandinavia, where geological conditions favor their 
use. In other parts of the world these methods have 
aroused cycles of interest, but in Scandinavia they 
have been used continuously and successfully since 
the 1920's. 

Electromagnetic methods may be classified into 
two general groups. One group includes methods 
in which the source of the electromagnetic field 
remains stationary while the receivers are moved 
about to explore the area. The other includes pro- 
cedures in which the energizing and receiving 
systems are moved together. Other classifications 
could be based on the size of the energizing source, 
the particular components of the electromagnetic 
field which are measured, or the mode of trans- 
porting the equipment. The difference between 
fixed-source and moving-source methods, however, 
is of such great fundamental importance that it will 
be emphasized in this discussion. 


FIXED-SOURCE METHODS 


Essentially, a fixed-source method consists of the 
measurement of electromagnetic fields about the 
source. The mutual coupling between the source 
and the earth is constant, but the mutual coupling 
between the receiver and the earth (unless the 
earth is homogeneous) and also between the source 


and the receiver changes at each station. The results 
are usually normalized by relating the field data to 
the calculated free space or primary field. 

Turam and Radio Reference Signal Methods: The 


turam or two-frame* (see Fig. 1A) is probably 


* Turam means two-coil. 


the most common fixed-source method. The ener- 
gizing source is an insulated cable grounded at 
both ends or formed into a large rectangular loop. 
Measurements are taken along a traverse at 5 to 
50-meter intervals using two small receiving coils, 
the lagging coil being placed at the position pre- 
viously occupied by the leading coil. The complex 
ratio (i.e., inphase and out-of-phase ratios) of the 
voltages induced in the two coils is measured. 
Operating frequency range is about 100 to 800 cps. 

In a typical turam survey a straight, grounded 
cable several kilometers long is laid out parallel to 
the probable strike of the ore deposits or conduct- 
ing strata being sought. An area extending 1 or 2 
km on each side of the cable, and within 1 or 2 km 
of the ends of the cable, is surveyed. Measurements 
are made at stations 5 to 25 m apart along traverses 
perpendicular to the cable. Measurements may be 
made along lines parallel to the cable to serve 
as base lines for the traverses or for other 
special purposes. Commonly the receiving coils are 
oriented with their planes horizontal so that only 
the vertical component of the field is measured. If 
additional information is required, one of the hori- 





F. C. FRISCHKNECHT is a Geophysicist with the U. S. Geo- 
logical Survey, Denver. TP 4808L. Manuscript, Feb. 27, 1959. AIME 
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zontal components may also be measured by orient- 
ing the coils with their planes vertical. 

In a modified turam technique developed recently 
for both ground and airborne measurements (Fig. 
1B) the amplitude of the complex voltage induced 
in a single receiving coil is measured and its phase 
compared with that of a reference signal trans- 
mitted from the energizing system by a radio fre- 
quency carrier. Thus the un-normalized field is 
obtained directly, whereas with the turam method 
it is obtained by calculation from the ratios. 

The turam method and its modifications have a 
greater working depth than the other electro- 
magnetic procedures used in ore prospecting. Under 
favorable conditions conductors have been located 
at depths of 200 to 300 m. A modified turam method 
with one of the electrodes grounded in the upper 
end of a plunging orebody was used to follow the 
extension of this body to a depth of 200 m beneath 
a layer of conducting schists. 

Straight grounded cables are usually preferred to 
insulated loops because they are easier to lay out 
and because they often make the method more 
sensitive. The greater sensitivity of a grounded 
cable is a result of ground return currents which 
may flow in the orebodies in addition to the eddy 
currents caused by induction from the current in 
the cable. Anomalies in the vertical field due to 
eddy currents are characterized by a correspondence 
between high values for the inphase component and 
positive out-of-phase components and/or low values 
for the inphase component and negative out-of- 
phase components. Also the inphase component may 
approach zero, but it does not become negative. In 
very long continuous conductors that are parallel 
to a grounded cable the effect of ground return 
currents may far exceed the effect of eddy currents. 
These ground return currents cause a lack of cor- 
respondence between the inphase and out-of-phase 
components and may cause negative inphase or 
anti-phase components. It becomes difficult to carry 
out the measurements and often difficult to interpret 
the results. Such results immediately suggest the 
presence of graphitic strata, however, since ore de- 
posits are rarely extensive enough to accumulate 
sufficient ground return current to cause these re- 
sults. A cable laid out perpendicular to the strike 
or an insulated loop is sometimes used in areas 
where graphitic schists and slates are present. Anom- 
alies are then completely or almost entirely due to 
eddy currents and are easier to interpret. 

The measured voltage ratios are normalized by 
either subtracting or dividing by normal field ratios 
calculated from free space considerations. The 
normalized ratios are then plotted as individual 
profiles. When significant anomalies occur in the 
ratio measurements, the actual normalized fields 
are calculated by beginning with a measured or an 
assumed value for the field at a point near the 
cable and successively multiplying this value by 
the normalized ratios. There is a similarity between 
this process and a numerical integration of the ratio 
curve. Conversely, in many respects the ratio curve 
is similar to the first derivative of the field curve. 





For example, a simple maximum in the field curve 
becomes a combination of a maximum and a mini- 
mum in the ratio curve. Because it has fewer 
maxima and minima the field curve is usually 
easier to interpret than the ratio curve. 

The attitude and depth of a conductor are usually 
determined from the normalized field anomalies. 
Some simple rules based upon single current con- 
centrations and results of scale-model studies are 
combined with a wealth of previous experience in 
making interpretations. Under conditions of favor- 
able terrain and regular-shaped orebodies, the 
error in locating the horizontal position of the top of 
an orebody may be only a few percent of its depth 
of burial and the error in the depth estimate may 
be only 10 pct. Usually the direction of dip can be 
determined. 

In most cases the horizontal position of the con- 
ductor is determined from the location of the in- 
phase anomaly. Comparison of the inphase and out- 
of-phase anomalies often gives additional valuable 
information, such as the relative conductivity of 
the body. Sometimes a difference in position of the 
inphase current concentration and the out-of-phase 
current concentration may be used to indicate the 
direction of dip of the body. In areas of great topo- 
graphic relief corrections must be applied to inphase 
anomalies; out-of-phase anomalies seldom require 
corrections. 

Compensator Technique: The compensator method 
(Fig. 1C) employs large energizing layouts similar 
to those used with the turam method. The voltage 
induced in a single receiving coil is measured rela- 
tive to a reference signal carried by a cable from 
the energizing source. Usually both the vertical and 
a horizontal component of the field are measured at 
each station at two or more frequencies in the range 
from 10 to 300 cps. Interpretative procedures make 
it possible to estimate depth to conducting horizons. 

The compensator method is used chiefly to map 
horizons in sedimentary rocks, although it is some- 
times employed in searching for flat-lying metallic 
ore deposits. It is used in Scandinavia in searching 
for coal and similar economic resources of sedimen- 
tary origin. The method is well described in the 
literature and will not be discussed further here. 

Cross-Ring Method: The cross-ring method (Fig. 
1D) utilizes a small portable energizing loop oriented 
with its plane roughly parallel to the ground. 
Two identical receiving coils are fastened together 
in a perpendicular arrangement, one oriented so 
that it is in the plane of the energizing coil. The 
complex ratio of the voltages induced in the two 
receiving coils is measured and the data are plotted 
directly in profile form without preliminary calcu- 
lations. Short profiles (up to 100 m long) can be 
measured by moving the receiving coils and holding 
the energizing coil in fixed position. Usual frequency 
is 3500 eps. 

Depth range of the cross-ring equipment now in 
use is limited to some tens of meters. In making 
detailed surveys over shallow conductors the method 
is extremely useful; the transmitter may be posi- 
tioned easily to minimize the effects of certain con- 
ductors and to accentuate the effects of others. But 
an important drawback is the difficulty of orienting 
the coils properly in hilly or heavily wooded areas. 

Borehole Methods: Borehole electromagnetic 
methods have not been used widely in Scandinavia, 
but limited applications have been successful and 
additional work is planned by various organizations. 
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Fig. 1—Scandinavian fixed-source methods. 











A combination surface-inhole method uses a single 
coil in the borehole as a receiver and a large low- 
frequency energizing loop or grounded cable placed 
on the surface of the ground. The complex ratio of 
the voltage induced in the receiving coil to the cur- 
rent in the energizing source is measured. 


MOVING-SOURCE METHODS 

In a moving-source method, changes in the mutual 
coupling between source and receiver are measured. 
The coupling between both the source and receiver 
and the earth (unless the earth is homogeneous) 
changes at each station, but the free space coupling 
between source and receiver remains constant. 
Usually results are normalized in the instrument by 
relating the readings to the free space coupling. 

Slingram Method: The most common moving 
source method is the slingram or loop frame.* 
(Fig. 2A), which utilizes a small portable energi- 


* Slingram means a sending and receiving coil. 


zing coil and one receiving coil. A reference voltage 
is brought from the energizing coil to the receiving 
coil by a cable. The ratio of the mutual impedance 
between the two coils in the presence of the earth 
to their mutual impedance in free space is meas- 
ured by finding the complex ratio between the 
voltage induced in the receiving coil and the refer- 
ence voltage. The coil spacing, held constant for 
each series of measurements, may range from 20 to 
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100 m. Usually the coils are oriented so that they 
are coplanar and horizontal or (on steep slopes) 
parallel to the ground; however, in techniques 
used less frequently, the coils are held in perpendic- 
ular positions or in vertical coaxial or coplanar 
positions. Operating frequency ranges from 500 to 
3600 cps. The complex mutual impedance ratios are 
presented in the form of individual profiles or con- 
tour maps without preliminary calculations. 

Modifications of the slingram method incorpor- 
ating automatic recording systems are the ones 
most commonly used for mobile operations. In a 
unit designed for surface operations during winter, 
one of the coils is placed on a track-laying vehicle 
and the other on a sled that is connected rigidly to 
the vehicle by a long boom. A simple airborne sys- 
tem uses a large horizontal transmitting loop at- 
tached to the aircraft and a vertical receiving loop 
in a bird which is towed some 30° to 40° below the 
plane of the energizing loop. Such a system is 
successful only in relatively quiet air; changes in 
orientation and position of the bird relative to the 
aircraft introduce large errors in the magnitude of 
the mutual coupling. 


Various systems have been devised to minimize 
the errors introduced by motion of the bird relative 
to the aircraft. One such system uses two similar 
and coincident energizing coils, one of which is 
excited by a suitable operating frequency and the 
other by a much lower frequency. Two selective 
receiving coils and amplifiers are used, and the 
ratio of their outputs is recorded. In the absence of 
conducting material, the motions of the bird 


relative to the airplane affect the mutual couplings 
at the two frequencies in exactly the same way, and 
the ratio of the two couplings remains constant. 


However, the presence of a conductor in the vicin- 
ity of the system has a much larger effect on the 
coupling at the principal frequency than at the lower 
frequency. Thus the ratio of the couplings changes 
when conductors are nearby. Changes in the phase 
angle of the coupling at the principal frequency are 
measured by comparing the principal signal with a 
reference signal transmitted by a radio frequency 
carrier. 


The maximum working depth for the slingram 
method using two horizontal coils is equal roughly 
to the coil spacing. The greatest depth at which a 
poorly conducting vertical orebody will cause a 
significant anomaly may be less than one half the 
coil spacing, but a large, horizontal, highly conduc- 
tive body at a depth of twice the coil spacing may 
give a significant anomaly. The working depth for 
using a perpendicular coil arrangement is about the 
same or a little greater than with two horizontal 
coils, but with vertical coils it may be only half as 
great. 

The greatest coil spacing that can be used with 
existing equipment is about 120 m for ground 
measurements and somewhat more for airborne 
surveys. Geological noise (minor anomalies which 
rapidly attenuate with distance) is less troublesome 
in airborne than in surface work and thus it is 
feasible to design airborne equipment with greater 
sensitivity than surface equipment. However, when 
the height of the aircraft above the ground is taken 
into consideration airborne slingram methods are 
restricted, in effect, to a working depth below sur- 
face of 100 m or less, which is comparable to or less 
than the depth obtained with surface equipment. 
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Slingram data are usually presented in the form 
of mutual impedance ratio contours, often with 
little attempt to locate conductor axes or to define 
precisely the limits of individual bodies. If the field 
data suggest a simple arrangement of conductors 
at moderate depths, model results can sometimes be 
used in predicting their number, position, and 
shape. 

Comparison between inphase and out-of-phase 
ratios is of value in distinguishing good conductors 
from poor conductors. When flat-lying bodies are 
encountered and horizontal coil orientations are 
used, the signs of the anomalies directly over the 
body may be either negative or positive depending 
on the conductivity and depth of burial. Over a 
good conductor at a shallow depth the sign of both 
the inphase and out-of-phase anomalies is negative. 
For good conductors at depths greater than about 
0.4 of the coil spacing the signs of both anomalies 
are positive. For poor conductors the signs become 
positive at shallow depths, the sign of the real 
component being the first to become positive. Re- 
liable depth estimates often can be made over a 
large flat-lying conductor by determining the coil 
spacing at which the anomaly over the middle of 
the body disappears. On the other hand, this change 
in sign with depth may only complicate the inter- 
pretation of results when bodies occur at different 
depths. This is especially true when magnetic bodies 
are present because they give rise to positive anom- 
alies. Vertical coil arrangements which always give 
positive anomalies over conducting bodies are 
sometimes used to resolve a number of these am- 
biguities. 

Cross-Ring Technique: Cross-ring equipment is 
sometimes used in a moving-source technique sim- 
ply by maintaining a fixed distance between ener- 
gizing and receiving loops. The coil spacing used 
may range from 20 to 80 m. 

Rotating Field Method: An airborne system hav- 
ing some similarity to the cross-ring method uses 
two perpendicular energizing coils whose planes are 
parallel to the axis of the aircraft. Two receiving 
coils are oriented in similar directions to the trans- 
mitting coils and are towed in a bird, which is po- 
sitioned as closely as possible along the axis of the 
aircraft. A relatively large source-to-receiver dis- 
tance of 200 m or more is sometimes obtained 
by towing the bird in a second aircraft. The ener- 
gizing coils are excited by two voltages of the 
same frequency but 90° out-of-phase with re- 
spect to each other, thereby creating a rotating or 
circularly polarized free space or primary field. The 
complex ratio of the voltages induced in the re- 
ceiving coils is measured. In the absence of con- 
ducting material this ratio is independent of the 
distance between aircraft and bird, axial rotation of 
the bird, and to a considerable extent other mis- 
orientations of the bird. 

Borehole System: A moving-source method is 
used in conductivity logging of boreholes. Frequen- 
cies in the order of 20,000 cps are used in a sonde 
having a coaxial slingram arrangement. The coil 
spacing is some tens of centimeters; hence the ra- 
dius of investigation is quite small. 

Comparison of Methods: Before discussing cer- 
tain aspects of various specific methods it is desir- 
able to point out some of the relative merits of 
fixed-source and moving-source methods. With a 
fixed-source method, two identical disturbing 
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Fig. 2—Scandinavian moving-source methods. 


bodies do not, in general, give rise to equal anoma- 
lies because the free space coupling between source 
and receiver (and hence the depth of penetration, 
the normal fields, and other factors) is unequal at 
successive stations. The shapes of the anomalies 
obtained with fixed-source methods, however, are 
relatively simple; the anomalies tend to be similar 
in shape to magnetic anomalies. 

When a moving-source technique is used, the free 
space coupling between source and receiver is con- 
stant; therefore, two identical disturbing bodies 
give rise to equal anomalies. In general, however, 
anomalies obtained with a moving-source method 
are somewhat complicated because the coupling 
between the source and the conductors varies. An 
anomaly obtained with a moving-source method 
usually has more maxima and minima than one 
obtained with a fixed-source method. The addi- 
tional maxima and minima in moving-source 
anomalies are sometimes referred to as edge effects 
because they occur near the edges of conductors. 

Usually several conducting bodies in proximity 
are most easily located and defined by fixed-source 
methods because of their relative freedom from 
edge effects. When moving-source techniques are 
employed the occurrence of more than one shallow 
conducting body within a distance equal to or less 
than the source-to-receiver distance results in data 
that are very difficult to interpret correctly. 

When edge effects are not too troublesome, 
moving-scurce methods are often superior to fixed- 
source methods, since the importance of one anom- 
aly compared to another is more easily evaluated. 
Edge effects are not too troublesome: 1) if the hori- 
zontal extent of the conducting units is somewhat 
larger than the source to receiver distance, 2) if 
depth of burial and separation between units is 
great, 3) or if the boundary between units of dif- 
ferent conductivities is not abrupt. 

With a moving-source method, if vegetation and 
terrain do not interfere with lines of sight or con- 


necting cables, the source and receiver may be 
placed broad-side (Fig. 2B) rather than in-line 
(Fig. 2A) to the traverse. Edge effects are thereby 
reduced and, if the traverse is perpendicular to the 
strike, individual conductors among a group of sev- 
eral parallel linear conductors may be resolved 
more easily. 

In areas that are very complex geologically, 
especialiy when graphitic schists and slates are in- 
volved, the horizontal range of fixed-source equip- 
ment may be limited greatly by high attenuation of 
the normal field and the results may be complicated 
by the mutual coupling between adjacent conduc- 
tors. Measurements with a fixed-source method be- 
come very laborious, and in interpreting the results 
it may be impossible to resolve all the separate 
conductors as distinct units. In such areas a contour 
map prepared from moving-source data may give 
the interpreter the most useful information. This is 
especially true when the purpose of the survey is 
to map geological trends rather than to locate indi- 
vidual ore deposits. 


Among the fixed-source methods the radio-refer- 
ence-signal system requires the fewest men to make 
the measurements. It offers an advantage over the 
turam method in obtaining the fields directly in- 
stead of by calculation. These measured values are 
often more accurate than those obtained by calcu- 
lation, especially in regions where the field is near 
zero and the ratios may approach zero or infinity. 

However, the ratio curve is more sensitive to 
small features than the field curve. By considering 
the ratios, therefore, it is possible to detect weaker 
conductors with the turam method than with the 
radio-reference-signal system. Also, since the mag- 
nitude of a field anomaly depends on the position of 
the disturbing body with respect to the cable and to 
other bodies, a field anomaly cannot be evaluated on 
the basis of its magnitude alone. Ratio anomalies, 
however, depend on the shape, and not on magni- 
tude, of the field anomaly. Thus it may be advanta- 
geous to have the ratios as well as the fields. 

The depth range and speed of operation of the 
cross-ring method are inferior to those of the turam 
and radio-reference signal, but the cross-ring is 
sometimes the most useful for working out details 
of a group of shallow conductors in proximity to 
each other. 

When a moving source is used, cross-ring equip- 
ment has an advantage over slingram because it 
does not require a cable connection from trans- 
mitting to receiving coil. Also, the maintenance of 
a constant distance between the two coils is not 
critical unless response from the overburden is 
great. Results are not as easily interpreted as those 
obtained by the slingram method because, in gene- 
ral, anomalies occur simultaneously in both the 
horizontal and vertical fields and thus the data are 
not related to any fixed reference. 

Slingram methods, either ground or airborne, are 
probably less expensive per traverse kilometer than 
their counterparts in other systems. Slingram is 
especially adaptable to reconnaissance work be- 
cause no large energizing layouts are necessary. 
When a sizable area is to be surveyed in detail by 
ground work the radio-reference signal may be 
nearly as inexpensive as the slingram method, since 
the expense of laying out cables is partially offset 
by the fact that each set of measuring apparatus 
can be operated by less than one man. For detailed 
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work over areas of particular interest it may be 
advisable to use the method that yields the most 
information regardless of cost. In such cases one of 
the fixed-source methods will usually be chosen 
because of its greater sensitivity, depth of penetra- 
tion, and resolving power. The variety of problems 
in prospecting is so great that any one of the sys- 
tems discussed may be the best in a particular in- 
stance. 


EQUIPMENT 


The usual set of equipment for ground electro- 
magnetic work consists of four major components 
or groups of components: 1) energizing and receiv- 
ing coils and cables, 2) a source of energizing cur- 
rent, 3) an alternating current potentiometer or 
ratiometer, and 4) an amplifier used as a null de- 
tector. In mobile operations, electronic phase dis- 
criminators supplement or replace the ordinary 
ratiometer, and various additional components such 
as automatic recorders are necessary. 

Older types of turam, slingram, and cross-ring 
equipment were designed to be carried by a crew of 
four men. The ratiometer is carried as a back-pack 
by one man and operated by a second man. Each of 
the other two men carries a coil; for the slingram 
and cross-ring methods, one of these men also car- 
ries the source of energizing current. Newer types 
of equipment are designed for a two-man operation, 
one man carrying both the receiving coil and the 
ratiometer in such a way that he is able to operate 
the ratiometer. 


Coils and Cables: Air-core coils are usually 


wound on circular forms having a diameter of per- 
haps 50 to 120 cm. Turns of wire may range from 


100 to 1500, and the wire weight from 2 to 10 kg 
for copper wire and half that for aluminum wire. 
A single turn of aluminum tubing with appropriate 
matching transformers is used in the cross-ring 


equipment. Coils for turam and low-frequency 
slingram work have more turns than those for high- 
frequency slingram work. 

Coils must always be shielded from electric fields. 
At low frequencies an aluminum tube bent into the 
form of a loop serves as both the winding form and 
the shield. At higher frequencies plywood forms 
enclosed by brass screening or very thin tin foil 
are used. The windings are impregnated with wax 
or other compounds, and the entire unit is made 
watertight. Level bubbles are usually attached to 
the coils so that they may be oriented accurately 
in either horizontal or vertical positions. 

Ferrite core coils are used in some of the newest 
equipment. The core may be about 80 cm long and 
2 or 3 cm diam, and the weight of wire used is 
about the same as for an equivalent air-core coil. 
At low frequencies the performance of ferrite core 
coils is probably superior to that of air-core coils 
of the same weight, but at high frequencies they 
are inferior. Ferrite core coils are often more con- 
venient to handle. In most work they may easily be 
suspended so as to be self-orienting. A disadvantage 
of ferrite core coils is that they may be noisy when 
subjected to vibrations such as are caused by wind. 

At their operating frequencies, typical coils have 
Q values from as low as 15 to as high as perhaps 
60. Both energizing and receiving coils are tuned to 
the operating frequency by means of a series or a 
shunt-connected capacitor. 
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Large layouts for the energizing source are 
formed from a single length or loop of flexible 
rubber-covered cable. 


Energizing Current Sources: Long grounded 
wires and large loops are usually excited by an 
alternator driven by a portable gasoline engine. 
Usually, with an exciting voltage of 200 to 300 v, 
about 1 amp is supplied to a grounded cable and 
perhaps 3 or 4 amp to an insulated loop. Larger 
currents may be required for airborne and other 
special work. With usual cables and grounding re- 
sistances the power factor is nearly unity for a 
grounded cable, but it may be somewhat less for an 
insulated loop. 

Mechanical engine governors are generally ade- 
quate for controlling frequency, and fluctuations in 
current do not affect ratio measurements. However, 
frequency and current stability requirements are 
severe when the direct method of measuring fields 
using a radio-reference signal is employed. A vac- 
uum tube oscillator and a stabilized power ampli- 
fier powered by an engine generator are then used. 

The slingram and cross-ring methods use small 
battery-powered vacuum tube or transistor oscil- 
lators and amplifiers as sources of energy. Typical 
tube amplifiers deliver about 2 w of power to the 
coil. If interference from power lines and other 
sources of extraneous fields is not too severe, sling- 
ram equipment can operate on much less than 2 w 
at moderate spacings and frequencies. Equipment 
now being developed will use a 250-milliwatt 
transistor oscillator. Tuning the energizing coil 
causes it to be highly selective to the operating 
frequency; hence the power amplifier can be opera- 
ted class C with resulting high efficiencies and long 
battery life. 

Some equipment uses a tuned load single-stage 
tube or transistor oscillator driving a one-stage 
push-pull amplifier. In other equipment two tubes 
or transistors serve as both oscillator and amplifier, 
and the coil and tuning capacitor are the tuned 
load controlling the frequency of oscillation. 

For airborne work vacuum tube oscillators and 
power amplifiers are preferred, although alterna- 
tors have been used. Power requirements may 
range from 50 to 300 w for each energizing coil. 

Ratiometers: Some alternating current potentio- 
meters or ratiometers are designed to measure in 
polar form, i.e., amplitude ratios and phase angles, 
while others are designed to measure in cartesian 
form, i.e., inphase and out-of-phase ratios. Ampli- 
tude and phase measurements are the easiest to use 
in turam work in calculating field curves from the 
ratio data, but data are often most conveniently 
interpreted in terms of inphase and out-of-phase 
quantities. Also it is probably easier to design ratio- 
meters that measure inphase and out-of-phase 
ratios than ratiometers that measure amplitude 
ratios and phase angles. 

In a typical ratiometer the reference signal is ap- 
plied to an RC phase-splitting network. Voltages 
are developed across two linear potentiometers; one 
voltage is inphase with the current in the energizing 
coil and one is out-of-phase. The two sliding con- 
tacts on the potentiometers are connected to the 
receiving coil with the input of the amplifier placed 
in series or coupled into the circuit through a trans- 
former. The potentiometers are adjusted until the 
amplifier indicates a minimum and the ratios are 
read from dials connected to the potentiometers. 





Either RC or RL phase-splitting networks may be 
used in ratiometers, but the RC networks are the 
most stable and easiest to construct. Also, when 
inductances are used great care must be taken that 
voltages are not induced directly into the induct- 
ances. The variable components are preferably 
linear potentiometers. Ratiometers used for turam 
work are usually designed with two nearly identical 
arms, each connected to a coil. This design greatly 
reduces errors due to frequency and temperature 
variations and other disturbances. 

A frequency independent ratiometer that mea- 
sures amplitude ratios and phase angles, using only 
two linear potentiometers and scales and only RC 
networks, is reported but details of the circuit are 
not available. 

Amplifiers: Principal requirements for the ampli- 
fiers used in null detectors are low noise level, 
moderately good band pass characteristics at the 
operating frequency, and durability and portability. 
Typical values of grain are 80 decibels for a slingram 
amplifier and 100 decibels for a turam amplifier; 
this is easily obtained with a three-stage vacuum 
tube amplifier. Usually at least two of the stages 
are tuned. Some of the amplifiers designed for high- 
frequency (3600 cps) work use a frequency con- 
verter requiring two extra stages. 

Transistor amplifiers and combination transistor- 
vacuum tube amplifiers are used in some of the 
newer equipment. During their initial development 
straight transistor amplifiers generated more noise 
than the best vacuum tube amplifiers and for cer- 
tain applications it was necessary to use a tube in 
at least the first stage of the amplifier. Recently de- 
veloped transistor amplifiers are less noisy than 
vacuum tube amplifiers, but in some cases their 
lower input impedance is a disadvantage. Head- 
phones and rectifier-galvanometer combinations are 
used as null indicators. A galvanometer is usually 
more pleasant to work with, but lower signal-to- 
noise ratios can be tolerated when earphones are 
used because of the selective power of the ear. 
Instrumentation for the radio-reference signal 
system places greater demand on the amplifier than 
the ordinary turam method. Reliable amplitude in- 
formation cannot easily be transmitted by radio; 
hence a comparison method cannot be used and 
actual amplitudes have to be measured requiring 
that the gain of the amplifier connected to the re- 
ceiving coil be constant. Difficulties have been en- 
countered with varying phase shifts in the radio 
receiver amplifiers. 

Radio-Reference Signals and Continuous Record- 
ing Systems: A reference signal from the cable is 
used to modulate the radio transmitter placed near 
the energizing layout. The voltage demodulated in a 
radio receiver located in the measuring apparatus is 
sent to a phase splitter and then applied as the 
reference voltage to each of two diode-transformer 
phase discriminators. The voltage induced in the 
receiving coil is amplified by a calibrated amplifier 
and fed to the phase discriminators. D-C meters 
connected to the outputs of the phase discriminators 
then give the inphase and out-of-phase components 
of the magnetic field at the receiver relative to the 
current in the energizing cable. 

One of the airborne electromagnetic methods 
using ground energization utilizes essentially this 
same system, but with the output of the phase 
discriminators fed to two continuously recording 
meters. 
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Fig. 3—Diagram of mobile slingram system. 


A simple airborne slingram arrangement also 
uses this measuring system, except that the refer- 
ence voltage is sometimes transmitted by a wire 
connection. Also, the normal or primary signal from 
the receiver is compensated for by a reference 
voltage, so that in the absence of conductors there 
is no signal voltage applied to the phase discrimi- 
nators. 

The block diagram of a more elaborate mobile 
slingram system is shown in Fig. 3. Reference and 
signal voltages are supplied to a ratiometer. The 
unbalanced signal from the ratiometer is amplified 
and fed to two phase discriminators. A second 
reference voltage is passed through a phase splitter, 
and the resulting voltages are applied as reference 
to the phase discriminators. Output of the phase 
discriminators is amplified and fed to each of two 
d-c motors, which in turn are mechanically coupled 
to the sliders in the potentiometers of a two-pen 
recorder. Any unbalanced voltage from the potenti- 
ometer causes the appropriate motor to reposition 
the slider until a new balance position is found. 

This discussion by no means covers all the equip- 
ment now used in Scandinavia. It does illustrate, 
however, some representative measuring systems. 





Most of the material for this discussion was ac- 
quired during a stay at Geofysisk Malmleting in 
Norway and at the conference of Scandinavian 
mining geophysicists held in Boliden, Sweden, 
during November 1956. The author wishes to 
acknowledge the help and information given him by 
the people attending the conference and by the 
personnel of Geofysisk Malmleting. He also wishes 
to thank AB Elektrisk Malmletning and Sveriges 
Geologiska Undersokning for permission to publish 
certain portions of this article. 
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NUCLEAR DETECTOR 
FOR BERYLLIUM MINERALS 


eryl is a mineral that may be difficult to dis- 

tinguish from quartz by casual field inspection. 
The easily recognized green color and hexagonal 
crystal form of coarse-grained beryl are by no 
means universal, even in beryl from pegmatitic 
deposits. If it occurred as a fine-grained accessory 
mineral in an igneous rock, it would almost cer- 
tainly escape detection unless samples were sub- 
mitted for petrographic or chemical analysis. There 
may be substantial deposits of some beryllium 
mineral, other than beryl, that has been overlooked 
because that mineral also closely resembles the 
common rock-forming minerals. 

A reliable and simple method of identifying 
beryllium minerals and determining the beryllium 
content of a rock would be helpful in exploration. 
This article describes preliminary experiments in 
applying nuclear reaction to the qualitative identi- 
fication of beryl and to the semiquantitative deter- 
mination of the beryllium content of rock samples. 

Gaudin,” * the first to apply a nuclear reaction in 
detecting beryllium minerals, developed a method 
that irradiates the sample with gamma rays, which 
react with beryllium nuclei to produce neutrons. 
The neutrons are then measured with standard 
equipment. The cross section for this reaction is 
about 1 millibarn. The cross section is a measure of 
the probability that a reaction will take place, for 
example, between a beryllium nucleus and an in- 
cident gamma ray or alpha particles.** At 1-millibarn 
cross section for the reaction, satisfactory per- 
formance required a source strength of the order of 
1 curie (3.7 x 10” disintegrations per sec, where 
each disintegration releases one or more gamma 
rays). The reactions will not take place if the gamma 
radiation is below a minimum energy, in this case 
1.63 mev. The size of the source and the energy of 
the radiation made heavy shielding necessary for 
these experiments, both to reduce the background 
count of the neutron counter and to safeguard per- 
sonnel. 

The original discovery of the neutron by Chad- 
wick in 1932 resulted from experiments with an- 
other nuclear reaction, induced by bombarding 
beryllium with alpha particles in which the pro- 
ducts are carbon-12 and neutrons. The equation 
for this reaction is as follows:* * 


.Be’ + He*> ,.C* + .n’ [1] 


a-particle neutron 


In the above nuclear equation (Eq. 1), the sub- 
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script number indicates the number of protons in 
the nucleus (the atomic number) and the super- 
script the total number of neutrons and protons 
(approximately the atomic mass). For the alpha- 
neutron reaction the cross section is about 250 milli- 
barns, or 250 times that of the gamma-neutron 
reaction used by Gaudin. The positively charged 
alpha particle is repelled by the positive charge of 
the beryllium nucleus; it must, therefore, have a 
certain minimum energy in order to approach close 
enough to the beryllium nucleus to react. For re- 
action with the beryllium nucleus, the lower limit 
of the alpha-particle energy is 3.7 mev. 

The alpha-neutron reaction, with polonium-210 
as an alpha source, was selected for the present 
experiments. Alpha particles are emitted by polo- 
nium-210 at 5.30 mev, which is adequate for the 
reaction with beryllium. Furthermore, this isotope 
of polonium emits alpha particles with negligible 
associated gamma radiation, thus eliminating the 
necessity of shielding. The half-life of polonium- 
210 is 138 days. 

Inasmuch as alpha particles carry a possible 
charge and are large compared with most nuclear 
particles, their energy is rapidly dissipated in 
passing through matter. Their range in standard 
air is 3.66 cm,* and they penetrate only a few tens 
of microns into a mineral sample. The short range 
in air can be minimized by preparation of a flat 
sample surface that can be brought very close to the 
alpha source during analysis. On the other hand, 
short range of alpha particles in air lessens the 
radiological health hazard and makes it possible to 
use this method without shielding. It must be 
emphasized, however, that the alpha emitters are 
potentially very dangerous if they enter the human 
body. Polonium must be handled with extreme 
caution. 

The literature has reported experiments on the 
yield of neutrons from reaction of alpha particles 
with beryllium nuclei. Feld’ reports that in intimate 
mixtures of polonium and beryllium, 3 x 10° neu- 
trons per sec are produced per curie of polonium. 
Elsewhere in the same reference it is stated that a 
sandwich-type source yields about one third as 
many neutrons as an intimate mixture. A table of 
neutron yields for full energy polonium alpha- 
particles on thick targets as reported by Anderson’ 
is the basis of Table I. 

From Table I it can be deduced that the elements 
most likely to interfere, i.e., those that also produce 
neutrons when bombarded by alpha particles, are 
boron and fluorine. These data also show that it will 
probably not be possible to determine very small 
quantities of beryllium in rocks because of the 
masking effects of the major elements, sodium, mag- 
nesium, and aluminum. 

The neutrons emitted in the alpha reaction are 
detected by another nuclear reaction. Either of the 





two common neutron detectors, boron trifluoride 
counters and fission counters, depends on a count of 
the amplified impulses resulting from nuclear cap- 
ture of neutrons. The energy of neutrons emitted by 
reaction of alpha particles with beryllium nuclei is 
very high, in the mev range. Since the capture cross 
section of neutrons increases as their energy de- 
creases, it is desirable to slow them down, or 
moderate them, before they enter the counter tube. 
This may be done by surrounding the experiment 
with a hydrogenous material such as paraffin, as 
the impact of neutrons with hydrogen atoms rapidly 
dissipates their initial energy of motion. 

Experimental Work: The experimental work was 
carried out by bombarding samples of beryl and of 
metallic beryllium with alpha particles from a 
polonium-plated silver foil. 

For the present experiments, 30 millicuries of Po- 
210 were purchased from the Mound Laboratory 
of Monsanto Chemical Co. at Miamisburg, Ohio. 
This polonium was supplied in dry form as polo- 
nium nitrate. It was redissolved and plated on one 
side of a 2x4-in. silver foil by slight modification of 
standard techniques.* The foil was mounted on a 
plastic plate. The active foil surface was then pro- 
tected by a sheet of rubber hyrdochloride 0.00017 
in. thick, which is thin enough to allow alpha 
particle penetration. The experimental setup is il- 
lustrated in Figs. 1 and 2. 

The method of preparing the mineral sample was 
dictated by the need to get a large amount of the 
sample at a uniform distance from the polonium 
source. Therefore the mineral sample, usually a 
piece of beryl several centimeters in size, was 
pulverized by hand and sprinkled over a glue- 
coated surface, which was then allowed to dry. The 
polonium foil was placed within 0.5 cm of the test 
sample. Foil and sample were completely sur- 
rounded by paraffin to moderate the emitted neu- 
trons and increase thermal neutron concentration 
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Fig. 1—Experimental arrangement. 
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Fig. 2—Instrument block diagram. 
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close to the source. The neutrons were detected with 
a BF, counter tube, also surrounded by paraffin. 

Preparation of the sample is an important step 
in the analysis, as it is in any mineral analysis. 
Assuming that a representative sample has been 
obtained in pulverized form, it must be mounted so 
that a nearly plane surface is presented to the 
source of radiation. With a pulverized sample this 
is best approximated by fine pulverization (about 
100 mesh) and uniform depth of mounting. One 
method of accomplishing this was used by the 
present investigators. 

Detection was carried out with a Radiation 
Counter Laboratory B"F, tube connected to an 
Atomic Instrument scaler No. 1085 through an 
Atomic Instrument amplifier No, 218 and amplifier 
No, 255. 

Results: The results show that the proposed 
scheme of detection is feasible, but interpretation 
is complicated by the fact that no exact analyses of 
the beryl ores are available; they can only be com- 
pared to pure beryllium metal. Standard mineralogy 
references’ give the BeO content of beryl as 14 pct, 
equivalent to a Be content of 5 pct. 

In the time available it was not possible to vary 
all the parameters of the system. It was possible to 
run several different ore samples and one pegma- 
tite gangue sample, and further work is planned. 

The results are shown in Table II. The error in 
the total counts is the standard deviation computed 
by taking the square root of the number of counts. 

The results show that pure bery! containing in the 
order of 5 pct Be can easily be detected qualitatively 
with the alpha-neutron reaction described here. 
Indications are that lower concentrations of beryl- 
lium could also be detected in this experiment. 

For a quantitative determination of the beryllium 
content of a sample, it might be possible to com- 
pare the count rate from a mineral sample with the 
count rate from pure beryllium. This method is 





Table |. Neutron Yield in Alpha-Neutron Reactions 


Yield of Neutrons 
Per 10° Alphas 





Yield of Neutrons 


Element Element Per 10 Alphas 


Be 
B 
F 
Li 


Na 
Mg 





Table II. Results of Experiments 


Rus Total 


Sample Description Number Counts 


10> 3.2 
3910+62.5 


120211 
114%10.7 


182+13.5 
200+14.1 


116210.8* 
147212.1 


3 1.7 


Background measurement, no 
sample ore present 
Be metal disk, 3.4-in. 
diam 
Crushed beryl! sample, 1%x2-in. 
rectangle 


Crushed bery!] sample, 3.4-in. 
diam disk 


Crushed beryl sample 3.4-in. 
diam disk 


~ Be Be Be eK CS 


Crushed muscovite-quartz-feld- 
spar sample, 3.4-in. diam disk 


* Sample was placed about 1 cm away from source and moved 
closer for run 2. 
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subject to difficulties, since the small penetration of 
alpha particles means that only the exposed area of 
the sample is being measured. A direct ratio of the 
observed data on mineral samples to the data on 
pure beryllium shows 3 to 5 pct of beryllium in 
the beryl tested, a figure in reasonable agreement 
with published analyses of pure beryl.’ 


Summary and Conclusion: The work reported 
here is preliminary. The conclusions are as follows: 

1) An instrument to detect beryllium in mineral 
assemblies down to 1 pct contained beryllium is 
possible. With a stronger alpha particle source and 
more careful experimental techniques, it may be 
possible to extend this lower detection limit to 0.1 
pet contained beryllium. 

2) Semiquantitative analysis of mineral speci- 
mens may be possible by comparison of count rates 
on an unknown sample with the count rate from a 
standard sample. 


Technical Note 


GEOCHEMICAL STUDY OF Pb-Ag-Zn ORE FROM THE 
DARWIN MINE, INYO COUNTY, CALIFORNIA 


he Darwin mining district of California, 160 

miles north of Los Angeles, has yielded an estima- 
ted $45 million in lead, silver, zinc, and copper since 
1875. The deposits are in silicated limestone of Penn- 
sylvanian and Permian age close to a stock of horn- 
blende-biotite-quartz monzonite. Steep left-lateral 
strike-slip faults that strike N 50° 70° E served as 
feeder channels for the ore solutions, and minor 
folds, favorable beds, and faults close to the feeder 
channels localized the orebodies. 

The orebodies are irregular, steep, pipe-like re- 
placements that cut across bedding, bedding re- 
placements, and fissure fillings in a ealc-silicate 
country rock consisting mainly of wollastonite, 
grossularite-andradite garnet, idocrase, and diop- 
side. Near surface the ore consists of a soft, crumbly 
mass of cerussite, hemimorphite, jarosite, limonite, 
and some secondary copper minerals. The primary 
ore consists of galena, sphalerite, pyrite, pyrrhotite, 
and chalcopyrite with smaller amounts of andorite, 
matildite, scheelite, tetrahedrite, and a high silver- 
lead-bismuth-selenium-bearing galena. 

Preliminary X-ray fluorescence study of the pri- 
mary ore has indicated unusually high concentra- 
tions of bismuth, selenium, and silver in galena 
from certain parts of the mine. One phase of this 
study concerns the distribution of these elements. 
Twenty-two samples of galena and thirty of sphal- 





W. E. HALL is with the Mineral Deposits Branch of the U. S. 
Geological Survey, Menlo Park, Calif. TN 59147. Manuscript, 
Jan. 17, 1959. San Francisco Meeting, February 1959. AIME Trans., 
Vol. 214, 1959. 
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3) Experience with the method in the laboratory 
indicates that no serious obstacles to the construc- 
tion of a field instrument need be anticipated. 
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by WAYNE E. HALL 


erite have been purified and analyzed or are being 
analyzed. 

The selenium in 21 samples of galena ranges 
from 0.0045 to 2.11 pct; four contain more than 1 
pet. These four samples were collected from the 
Essex orebody, where most of the selenium is con- 
centrated. Three are from high-grade, near-surface 
ore, and one is from the 700 level. Four of the seven 
analyzed galena samples from the Thompson 
workings immediately north of the Essex orebody 
contain 0.29 to 0.74 pct Se; the others show less than 
0.05 pct. Galena from the Defiance workings about 
2000 ft south of the Essex has less than 0.03 pct Se. 

The selenium-bearing galena also contains con- 
centrations of bismuth and silver. Preliminary 
spectographic analyses indicate as much as 3 pct 
Bi and more than 1 pct Ag in galena with high 
selenium content. Antimony is the only other minor 
element present in galena in amounts greater than 
0.02 pet; most galena contains between 0.1 and 0.2 
pet and the maximum is 0.72 pct. 

A second phase of the study is an attempt to de- 
termine the temperature range of the formation of 
the ore. The iron content of sphalerite deposited in 
equilibrium with pyrrhotite is being used as a geo- 
logic thermometer as it is a function of the tem- 
perature of deposition of the ore.’ Preliminary 
results indicate temperature range from 430°C in 
replacement orebodies in the Defiance workings to 
180°C in shallow fissure fillings. 
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GENERAL SPECIFICATIONS 


81-C 81-AL 81-AH 97-A 


Rated Capacity T.P.M. 10 10 10 18 

Tram Height 25” 32” 36” 43” or 48” 

Overall Length 25'-8%" 24-1" 24-1” = 25’-11" 

Overall Width V-5%" TSK" 1-5%" 

Tram Speed D.C. 137 137 137 

Tram Speed A.C. 85 85 85 

Gathering Arm Speed —R.P.M. 55 55 55 

Conveyor Chain Speed—F.P.M. 372 372 372 

No. & H.P. Gathering Arm Motors (D.C.) 2—15 2-15 2-15 

No. & H.P. Gathering Arm Motors (A.C.) 2—20 2—20 2—20 2—33 

No. & H.P. Conveyor Motors (D.C.) Uses Gathering Arm Motors 2—10 
Four I tt Deehabdite, means No. & H.P. Conveyor Motors (A.C.) Uses Gathering Arm Motors 2—20 


, . No. & H.P. Tram Motors (D.C.) 2—15 2-15 2—15 2-25 
tt t ht loade: 
pty ten tn obieh te aleel, No. & H.P. Tram Motors (A.C.) 2-20 «2-20 2-20 2-33/8.25 
This assures proper clearance for H.P. Pump Motor—A.C. or D.C. 4 4 t 8 
lumps and convenient height of Weight in Ibs. approx. 21000 «= 21000 «Ss 21000 «(38000 


controls for the operator. Voltages: Loaders can be built for operation on any of the following voltages: 
250 or 500 V, DC; 440 V, AC, 3-ph., 60-cy, 415 V, AC, 3-ph., 50-cy. 














Available for direct current or alternating 
current power. Liberal size motors. 


Get complete information— 
Call or write your nearest Jeffrey District Office. 


THE JEFFREY MANUFACTURING COMPANY 
865 North Fourth Street © Columbus 16, Ohio 


capacity 
Jeffrey Loaders are setting high Ow = e cE. re = Y 


tonnage records with low maintenance 
cost and very little down time. 


MINING ¢« CONVEYING « PROCESSING EQUIPMENT...TRANSMISSION 
MACHINERY...CONTRACT MANUFACTURING 
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Special attention this month is focused on the October AIME-ASME Joint Solid Fuels 
program, of interest to Coal News readers. Features and sessions are listed below. 


Highlights And Papers 
Fill Solid Fuels Program 


Final arrangements have been 
made for the AIME-ASME Joint 
Solid Fuels Conference to be held 
October 28 and 29 at the Netherland- 
Hilton Hotel in Cincinnati. 

The opening luncheon on Wednes- 
day will feature a lecture on In- 
ventiveness and Human Betterment 
by A. A. Potter, president of Bitu- 
minous Coal Research. W. C. Biss- 
meyer, chairman of the Cincinnati 
Section of ASME will preside. 

That evening there will be a cock- 
tail party in the Caprice Suite at 6 
pm and dinner at the Pavillion Cap- 
rice at 7, with Julian E. Tobey pre- 
siding. Mr. Tobey is general confer- 
ence chairman and president of Ap- 
palachian Coals Inc. The _ guest 
speaker for the banquet is Ernest S. 
Fields, president of Cincinnati Gas 
and Electric Co. He will discuss the 
Ohio River and Power Develop- 
ments. Also the Percy Nichols 
Award will be presented at the ban- 
quet. 

On Thursday the luncheon will 
be honored by speaker Fred W. Gie- 
sel, business manager of the CrIn- 
CINNATI Post-TIMEs Star, who will 
talk about Black Africa. Presiding 
at this event will be Raymond E. 
Salvati, chairman of the AIME Coal 
Division and president of Island 
Creek Coal Sales Co. The cost of the 
luncheons will be $4 each, and the 
banquet will be $7.50. 

In addition to these program high- 
lights, a full technical schedule has 
been carefully planned, and a ladies 
program will coincide with the ses- 
sions. 


AIME-ASME Joint Solid Fuels 
Conference Program 


Wednesday, October 28 
Technical Session I 


9:30 am Pavillion Caprice 


H. E. Mauck and W. E. Butler, 
Chairmen 


Volume Distribution of Coal: Charles 
P. Blair, Norfolk & Western R.R. 

Design of a Modern Coal Mine: 
George W. McCaa, Hanna Coal Co. 

Preparation of Coal for the Export 
Market: Martial P. Corriveau, 
Clinchfield Coal Co. 


Technical Session II 


2:00 pm Pavillion Caprice 
H. B. Lammers and G. G. Ritchie, 
Chairmen 


Ash Flow Characteristics: W. L. 
Sage, and J. B. McIlroy, Babcock 
& Wilcox Co. 

Fireside Corrosion of Superheater 
and Reheater Tubing: G. A. Rice, 
Electric Energy Inc., and James 
Jonakin, Combustion Engineering 
Co. Inc. 

Coal Evaluation for the Beckjord 
Station: J. F. Cotter, Combustion 
Engineering Co. Inc. 


Thursday October 29 


Technical Session III 
9:00 am Pavillion Caprice 


Carroll F. Hardy and John Sinica, 
Chairmen 


Preparation of Coal for Industrial 
Consumption: Arthur S. Maynard, 
Truax-Traer Coal Co. 

A Long Range Appraisal of Mechan- 
ical Mining: A. L. Barret, Joy Mfg. 
Co. 

Preparation of Coal for Utility Use: 
Myron W. Mellor, McNally-Pitts- 
burg Mfg. Co. ° 


Technical Session IV 


2:00 pm Pavillion Caprice 


Edward J. Martin, James Garvey, 
Chairmen 


Use of Bench-Scale Tests to Predict 
Combustion Performance of Coals: 
E. W. Zawadski, Bituminous Coal 
Research. 

Survey of Carbonizing Properties of 
American Coals: David E. Wolf- 
son, U. S. Bureau of Mines. 

Factors to be Considered in the Use 
and Application of Industrial 
Coals: U. B. Yeager, Island Creek 
Coal Sales Co. 


Southeast Section Holds 
Smoky Mountain Meet 


This month the Southeast Section 
holds its annual fall meeting on the 
25th and 26th, at Gatlinburg, Tenn. 
Headquarters for sessions, the ban- 
quet, and dancing will be the River- 
side Hotel, while the surrounding 
scenic areas will provide opportuni- 
ities for sight-seeing and outdoor 


activities. Special feature of the pro- 
gram is the Tennessee-Auburn foot- 
ball game at the University of Ten- 
nessee. A _ well-rounded schedule 
has been carefully planned to in- 
terest everyone. 

Registration begins September 24 
in the hotel lobby. The fee for mem- 
bers is $1; nonmembers, $2; and 
students and ladies may attend with- 
out charge. 

On Friday the morning session 
will be held in Stevens Hall with 
two papers on the agenda: Ground 
Disposal of Radioactive Wastes by 
E. C. Struxness and Mechanized 
Mining at American Zine Co. by 
Harry L. Miller. Mr. Struxness is 
assistant director of Health-Physics 
Div., Oak Ridge National Labora- 
tory, and Mr. Miller is superin- 
tendent with American Zinc Co. 

A Director’s Dutch Luncheon will 
be featured that noon, while other 
members will be on their own. 

After lunch the session will begin 
with a paper on ventilation, pre- 
sented by E. P. Reed, manrszer of 
raw materials for Tennessee Coal 
and Iron Div. of U. S. Steel. E. E. 
Stansbury, professor of metallurgi- 
cal engineering at the University of 
Tennessee will then discuss Crys- 
tal Defects and the Properties of 
Crystals. The final paper of the 
afternoon is Applications of Photo- 
grammetry in the Mining Industry 
by Paul I. Eimon, American Smelt- 
ing and Refining Co. 

A social hour will lead into the 
banquet and dancing in the main 
dining hall. M. J. Langley, chair- 
man of the Southeast Section, will 
preside. Special guest Howard C. 
Pyle, AIME President, will discuss 
Institute activities before the ban- 
quet address by Hugh T. McDade 
of Aluminum Co. of America. 

After that full day of technical 
sessions, Saturday will offer a variety 
of activities. A field trip in the 
morning will cover the Gray Knox 
marble quarry and manufacturing 
plant in Knoxville, Tenn. Brunch at 
the Holston Hills Country Club will 
cost $2, including transportation to 
the football game afterwards. Also 
the Gatlinburg Country Club offers 
a scenic golf course for members 
and wives attending the conference. 
In the evening the final affair will 
be the Mountain Frolic in the Es- 
palier Room. 

R. T. Wilson, secretary-treasurer 
of the Section, is responsible for 
this Smoky Mountain meeting. 
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EFFICIENT... WILLISON COUPLERS 


The Willison has only four moving parts. 


SAFE... Kemi WILLISON COUPLERS 


No need for men to go between cars to couple 
or uncouple. 


STRONG... gm WILLISON COUPLERS 


Coupler head and shank are one-piece steel 
casting with over 400,000 pound ultimate 
strength. 


VERSATILE... ioe WILLISON COUPLERS 


Used on all types of mine cars and locomo- 
tives; with accessories, can couple with link- 
and-pin hitchings; can be used with cables on 
incline haulage or odd pulling requirements. 


PROVEN... imeem WILLISON COUPLERS 


Over 100,000 Willisons in service in the U.S. 
and overseas. 


® Rubber Cushioned Units NATIONAL “Ac‘o-ee. CASTINGS COMPANY 


®@ Mine and Industrial Established 1868 
Car Trucks 


®@ NACO Steel Wheels Transportation Products Division Canadian Subsidiary 
; Cleveland 6, Ohio National Malleable & Stee/ Castings 
®@ NACO Steel Links 


. . : Company of Canada, Ltd., Toronto 1, Ontario 
and Swivel Hitchings International Division Headquarters 
Cleveland 6, Ohio 





Heart of the Division is its Unit 
Committees, five in all: Geochemis- 
try, Geophysics, Geology, Open Pit 
Mining, and Underground Mining. 

The Unit structure of M&E per- 
mits recognition of and service to 
the professional and operating spe- 
cialization of Division members, 
especially for three key functions— 
programs, publications, and mem- 
bership. These functions are carried 
out under overall Divisional super- 
vision by the M&E officers. 

The balance of Rock in the Box 
this month introduces your Units. 
Franklin H. Clark is chairman of the 
Geochemistry Unit. He is with Bear 
Creek Mining Co. in Denver. Born 
in Palestine, Texas, he was educated 
at Texas Tech, University of Hous- 
ton, and Colorado School of Mines. 

F. C. Canney, geologist with Geo- 
chemical Exploration Section of 
U.S. Geological Survey, is program 
chairman. He received a Ph.D. from 
Massachusetts Inst. of Technology 
where he had been research assistant. 


F. F. CLARK F. C. CANNEY 


R. W. MARSDEN R. H. CARPENTER 


W. H. WESTPHAL J. B. PRENDERGAST 


The Geology Unit chairman is 
Ralph W. Marsden, manager geo- 
logical investigations for Oliver Iron 
Mining Div. of U. S. Steel Corp. He 
earned a doctorate at the University 
of Wisconsin and was associate 
professor at the University of Okla- 
homa. 

Robert H. Carpenter, professor of 
geology at Colorado School of 
Mines, is program chairman of the 
Unit. He was recently a Fulbright 
Research Scholar in Italy. 

F. S. Turneaure, head of publica- 
tions for the Unit, earned a Ph.D. 
from Harvard University and is 
professor of geology at the Univer- 
sity of Michigan. He has also taught 
at Michigan College of Mines and 
Harvard. 

In the Geophysics Unit, Stanley H. 
Ward is chairman. He was educated 
at the University of Toronto, receiv- 
ing a Ph.D. in 1952. Formerly chief 
geophysicist for McPhar Geophysics, 
he is now director of Nucom Ltd. 

Warren H. Westphal, Geophysics 
program chairman, graduated from 
Colorado Schoo! of Mines and Co- 
lumbia College. Currently he is con- 
sulting geophysicist, Utah Construc- 
tion Co., in Salt Lake City. 

J. B. Prendergast graduate of Uni- 
versity of Toronto is publications 
chairman. He has worked for Geo- 
physical Service Inc., Inco, and 
Sulmac as chief geophysicist. 

Open Pit Mining chairman is John 
B. Knaebel, president and managing 


F. S. TURNEAURE 


S. H. WARD 


H. A. WILMETH 
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director of Anaconda Iron Ore Ltd. 
He graduated from Stanford Univer- 
sity. 

Open Pit program chairman is 
Howard A. Wilmeth, Chino Mines 
Div. of Kennecott Copper Corp. He 
graduated from New Mexico School 
of Mines and worked for Anaconda. 

Henry J. Schwellenbach is head of 
publications for the Unit. He is pro- 
duction coordinator for New York 
Trap Rock Corp. He graduated from 
Michigan College of Mining & 
Technology. 

S. K. Droubay is chairman of the 
Underground Mining Unit and gen- 
eral manager of United Park City 
Mines Co. He graduated from Uni- 
versity of Utah and worked up 
through mining ranks from mucker 
to manager. 

Samuel S. Arentz, independent 
mine operator and consulting engi- 
neer, is program chairman for the 
Unit. He graduated from the Mackay 
School of Mines. 

Richard M. Stewart, publications 
chairman for the Unit, received an 
E.M. degree from Colorado School of 
Mines and worked for Climax and 
Anaconda, where he is now assistant 
director of mining research. 


Set for Chicago Meet 
Mining Safety Congress 


The Mining Section of the Na- 
tional Safety Council Congress will 
be held in the Pine Room of the 
Congress Hotel in Chicago, October 
19 to 22. Program chairman John A. 
Johnson and his committee have ar- 
ranged informative sessions on safe- 
ty education, injury trends, methane 
gas occurrence, results of supervi- 
sory training, dust control and ven- 
tilation, explosions, and other vital 
areas of safety control. Time has 
been allotted after every presenta- 
tion for group discussion and ques- 
tioning. The opening remarks will 
be given by Sam E. Sharp, general 
chairman. 


SEPTEMBER 1959, MINING ENGINEERING—945 





The New 30-R 


has what it takes—and is ready to prove it 


=“? 


Check the specs...check the performance... you'll find the new 
Bucyrus-Erie 30-R offers the same outstanding stamina, speed, and 
ease of operation that make the 40-R and 50-R the most popular blast 
hole drills in their classes — by far. 


THE ADVANTAGES ARE ALL THERE —IN A NEW ECONOMY SIZE 


Rock-Solid — and Twice as Tough — The 30-R levels instantly 
and stands firmly on three big hydraulic jacks...driils holes to 
774-in. diameter. 


4 Swen 


— 


Drills Fast and Steady — Operates at any speed from 0 to 100 rpm. 
Drills continuously for more than 21 feet before adding new pipe. 
Exerts a maximum pull-down force of 30,000 pounds. 


4 ww 


. 


————— | 


Self-Contained Convenience — Pipe rack carries five lengths of 
pipe — enough for a 100-ft hole. 
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Choice of Mountings — The 30-R may be mounted on crawler 
treads as shown, or on a truck. Truck-mounted models are offered 
with separate diesel engine or with chain-driven power take-off unit. 


For further details write Bucyrus-Erie Company, Drill 
Division, P. O. Box 324, Richmond, Ind., Dept. 8BD. 
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NDUSTRIAL MINERALS 


NEWSLETTER 








Dear IndMD Members: 


By the time this newsletter 
reaches you many of us will be at 
the IndMD meeting in Bedford 
Springs, Pa., which is being held 
this year jointly with the Coal Divi- 
sion. Fall meetings in years past 
have been highlights of Divisional 
activities. Their informality and 
stimulus after the summer’s ebb 
have done much to knit the Division 
together. Their smaller size, too, 
without the hustle and bustle and 
dilution of interest of the Annual 
Meeting has made them a perfect 
time for reviewing and assessing our 
work. 

Your executive committee last 
met in New York, May 20, to pick 
up business pending from San Fran- 
cisco, to hear a progress report on 
plans for Bedford Springs, and to 
receive the report of the nominating 
committee. We meet next during the 
Bedford Springs meeting to formally 
wind up plans for the Annual Meet- 
ing in New York. Unresolved at this 
writing (in July) is a financial and 
budgetary matter related to the 
Division’s Budget Fund (which now 
is in excess of $3500) and planning 
for a 1960 fall meeting. You will, of 
course, hear more of both as time 
goes on. 

Next month we hope to present 
you with a thumbnail run down of 
plans for the 1960 Annual Meeting. 
Leon Dupuy has been keeping the 
P. O. Dept. busy with his cajoling, 
needling, prompting, and thank-you 
letters to all corners of the country 
and Canada, New York tells us that 
by comparison with other Divisions, 
our program is shaping up nicely. So 
hats off to Leon and the commodity 
committee chairmen. 

We were pleased to receive the 
recent advance order forms for In- 
dustrial Minerals and Rocks, the edi- 
tion being so ably revised under the 
leadership of President-Elect J. L. 
Gillson. We are eagerly looking 
forward to publication (see right). 

Industrial Minerals and Rocks— 
importantly subtitled in 1937 Non- 
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Metallics Other than Fuels—was the 
first compilation of its kind about 
our phase of the mineral world. A. 
B. Parsons, then Secretary of AIME, 
writing the introduction to the 1937 
edition, aptly described the oppor- 
tunity existing then (and now) in 
the nonmetallic field when he said: 
“Here is not only a large but a par- 
ticularly fertile field for the engi- 
neer and technologist in the mineral 
industries.” Mr. Dolbear foresaw the 
future of nonmetallics when under 
his leadership our Division was 
formed some 22 years ago. 


Many of us are inclined to be half 
apologetic when asked about IndMD, 
particularly by newcomers. Some- 
how or other the words prosaic and 
unglamorous creep into our de- 
scriptions of the minerals we pro- 
duce. Not so! Anything that can be 
tagged the workhorse of industry 
is bound to be glamorous. True, 
we've got no Comstock or Mother 
Lode or Mesabi Range or a Chuqui 
to brag about—no hair curling legal 
or financial shenanigans—no TV 
shows with Roy Rogers trying to re- 
discover or save the old prospec- 
tor’s long lost tale deposit! But 
we've a long and rich history of 
usefulness and service, from the 
building stone and sun-baked clays 
of early man, to the spine tingling 
stories of gemstones, down to to- 
day’s problems with ceramics for 
missile nose cones and capsules to 
get man into and back from space. 

We've had occasion to talk with 
high school and college youngsters 
and, frankly, have been hard put 
to get our story over. How does one 
glamorize aggregates, or chemical 
raw materials, to a bunch of would- 
be rocketers? 

Industrial minerals prosaic? Some 
of them, possibly, in and by them- 
selves. So are a dish of eggwhites, 
a bowl of flour, smidgens of salt and 
sugar. But with the genius of the 
little lady in the kitchen these pro- 
saic things can be converted into a 
glamorous gourmet’s delight. Ben- 
tonite, barite, other clays and a few 
other ingredients mixed with water 
are only mud—just mud—but with- 
out it man would never have bored 
a hole five miles into the earth. A 
bag of cement or a chunk of lime- 
stone or coal isn’t much until man 
in his own inimitable way trans- 
forms them into a Boulder Dam, a 
San Jacinto Monument, or a finer 
than hair-size fiber of nylon. 


In the final analysis is not here 
where the true glamor of the indus- 
trial minerals lies—that we supply 
the commonplace for the man with 
the creative genius to fashion into 
the uncommon and the useful.— 
R. H. Feierabend. 


“Industrial Minerals & 
Rocks” Will Be Delayed 


Due to a variety of publishing 
difficulties and especially to the 
large size of the volume, publication 
of the new (third) edition of Indus- 
trial Minerals and Rocks will be de- 
layed until the middle of December 
1959. Originally to be delivered 
about Sept. 15, 1959, to those who 
ordered advance copies, delivery of 
these orders will be made by AIME 
as soon as copies of the book are re- 
ceived from the binder in December. 


Engineering Institute | 
Held Annual Meeting 


At the 73rd annual meeting of the 
Engineering Institute of Canada 
elections were held in Toronto. The 
meeting ran from June 8 to 10 and the 
following officers were elected: J. J. 
Hanna, president; vice presidents: J. 
B. Angel; E. T. Buchanan and F. L. 
Lawton; R. B. Chandler and H. G. 
Conn; and C V. Antenbring; treas- 
urer, G. N. Martin; and general sec- 
retary, Garnet T. Page. 


EJC Announces Its New 
Publication—Engineer 


In its expanding service to the 
nation’s engineers, Engineers Joint 
Council is now publishing Engineer, 
newsletter report on EJC activities, 
beginning this month. 

Engineer will cover national leg- 
islative, administrative, and legal 
events of importance to the engineer 
and will be published nine times 
yearly. Advance notice of EJC re- 
ports on manpower, engineering 
salaries, college enrollment, etc., 
will also be offered in the bulletin. 
The newsletter is available, gratis, 
to responsible persons and organiza- 
tions in industry, government, and 
education. Address inquiries to Engi- 
neers Joint Council, 29 W. 39th St., 
New York 18, N. Y. 
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Colorado School of Mines students exhibited their professional skills during competitions staged for Engineer's Day. Hand steel- 
ing, rock drilling, and mucking contests filled the day, and exhibitions of laboratory work were judged for competence. At 
left the exhibit featuring uranium solvent extraction was awarded “best in show.” At right, the team of Steven Milne and Thomas 
Sluga took first place in the hard rock drilling contest. Awards were also given for the longest beards grown by faculty and students. 





Education News 











Colorado School of Mines 

The 25th Annual Engineer’s Day 
opened at the Colorado School of 
Mines on April 17. Robert A. Bryce, 
mining consultant in Canada and a 
governor of the University of Toron- 
to, gave the keynote address enti- 
tled The Engineer—If and When He 
Should Enter Management. 

Scholastic awards were presented 
to 11 outstanding students. The Col- 
orado Engineering Council’s silver 
medal went to Ivan D. Allred, Jr. 
Certificates were awarded to L. R. 
Faulkner and James Swaisgood. A 
senior mining stetson was presented 
to the outstanding junior, Robert 
Hoffman, and other certificates went 
to underclassmen Bruce Henry and 
Thomas Tisone. Machinery maga- 
zine gave a certificate to J. R. McKee 
for machinery design. The Rocky 
Mountain Section of ASME pre- 
sented certificates to Robert R. Dor- 
fler, Kenneth L. Larner, and James 


J. Simpson. The Denver Geophysics 
Soc. awarded a certificate and cash 
prize to Rawley L. Young as the top 
geophysics senior. 


e A Soil Mechanics Conference was 
held at the Colorado School of Mines 
on April 23, co-sponsored by the Soil 
Mechanics Foundations division of 
the Colorado Section of the Ameri- 
can Soc. of Civil Engineers and the 
School of Mines. The conference’s 
aim was to further develop know- 
ledge of shrinking and expanding 
soils in a form that can be utilized 
by engineers. Three major speakers 
at the symposium were Chester Mc- 
Dowell, Raymond F. Dawson, and W. 
G. Holtz. 


Columbia University 


One of the largest bequests in the 
history of Columbia University has 
been left by Henry Krumb, director 
of the Newmont Mining Co. and a 
trustee of the University, who died 
last December. In his will he left be- 
tween $6 and $10 million to be ap- 
plied equally toward the construction 
of the future Engineering Center on 
the campus, and for the improve- 
ment of the School of Mines, from 
which he graduated in 1898. Mr. 
Krumb was concerned because some 





923 Glasgow Avenue 





The CONCENCO® CPC Classifier is a mighty handy 
there is a need for classifying sand into multiple 
draulic water only, without moving parts, each cell 
economically, a product within a desired size bracket. : 
adjustment to determine and sharpen the sizing. Send for full information. 


THE DEISTER CONCENTRATOR CO., INC. 
The Original Deister Company, Established 1906 


For Classifying —'e” Sands 


in 10 or More Sizes 


jece of equipment wherever 
ractions. Operating by hy- 
roduces, accurately and 
ction is visible for easy 


Fort Wayne 3, Indiana 





948—MINING ENGINEERING, SEPTEMBER 1959 


Eastern colleges have discontinued 
their mining departments. “It is in 
order that Columbia will never con- 
sider abandoning its School of Mines 
that I am making these bequests,” he 
declared. 





Scholarships 














National Science Foundation 

Announcement of Senior Post- 
doctoral Fellowships in Science, and 
Cooperative Graduate Fellowships 
has been made by the National Sci- 
ence Foundation. Postdoctoral fel- 
lowships will be awarded to 75 appli- 
cants who plan to study or conduct 
research in their basic or related 
fields of science. Requirements are 
that the applicant should be an 
American citizen who has achiev- 
ed recognized stature as a scien- 
tist and has held a doctoral de- 
gree in one of the basic fields of 
science for at least five years. Stip- 
ends will be individually computed 
by taking into account the Fellow’s 
salary income at time of application. 
Applicants must submit a plan of 
study and research. Deadline for 
applications is Oct. 5, 1959. 

Cooperative Graduate Fellowships 
will be awarded to 1000 graduate 
students enrolled in participating 
institutions. Evaluation will be based 
on academic records, recommenda- 
tions, and scores achieved in exam- 
inations for scientific aptitude and 
achievement. The annual stipend for 
each recipient is $2200. Closing date 
for receipt of applications is Nov. 
6, 1959. 

For both competitions direct in- 
quiries to: Fellowships Section, Div. 
of Scientific Personnel and Educa- 
tion, National Science Foundation, 
Washington 25, D. C. 
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The latest developments concern- 
ing the Commemoration of the 50th 
Anniversary of Froth Flotation in 
the U. S. include a change of dates 
for the 1961 meeting. The confer- 
ence will be held on September 17 
to 20 instead of September 6 to 9, 
and will follow instead of precede 
the American Mining Congress 
meeting in Seattle. The Cosmopoli- 
tan Hotel in Denver will be head- 
quarters for the Froth Flotation 
Symposium. 

The following data comes from a 
progress report of the editorial com- 
mittee, furnishing MBD’ers. with 
news of further plans for the meet- 
ing. 

In 1957 an editorial committee was 
established for the publication of a 
Flotation Volume in 1961 to com- 
memorate the 50th Anniversary of 
Froth Flotation in the U. S. This 
committee is comprised of the fol- 
lowing members: D. W. Fuerstenau, 
chairman; E. W. Engelmann and R. 
A. Pallanch, co-chairmen; N. Arbiter, 
F. F. Aplan, P. L. de Bruyn, W. L. 
Freyberger, F. C. Green, D. W. Mc- 
Glashan, S. F. Ravitz, N. L. Weiss, 
and S. R. Zimmerley. J. D. Vincent, 
chairman of the executive com- 
mittee, and H. G. Poole, chairman of 
the program committee, work closely 
with the editorial committee. 

After extensive discussion dating 
back to 1957, it was decided that 
this volume is not to be a collection 
of papers presented at the sympo- 
sium but is to be made up of spe- 
cially authorized chapters. The sub- 
ject matter of these chapters will 
include such topics as the growth 
and present scope of the flotation 
industry in the United States, the 
latest scientific and engineering 
flotation fundamentals, flotation 
plant practice, and flotation eco- 
nomics. Certain chapters may be 
presented as papers at the sympo- 
sium, and likewise certain outstand- 
ing symposium papers may be pub- 
lished as part of the volume. 

At the present time, the general 
contents of the volume have been 
determined and authors for the 
various chapters are beginning to put 
the chapters into shape. A tabula- 
tion of the volume’s chapters and 
authors is included with this report. 
Outlines of each chapter and an es- 
timate of the volume’s length are es- 
sential so that the finance committee 
can work out the financing of the 
volume. 

*S. R. Zimmerley will form a com- 
mittee whose task will be to assist in 
standardizing terminology in the 


flotation field. This committee will 
make a critical definition of terms 
which will be used in the volume 
and which, it is hoped, may lead to 
the establishment of acceptable 
definitions by the profession. 

The first chapter will concern 
flotation in the mineral industry 
from the aspects of magnitude and 
significance. Chapter two will be 
entitled Historical Outline of Major 
Developments in Flotation and will 
be written by E. H. Crabtree and J. 
D. Vincent. Sketch of Early Com- 
mercial Flotation by P. R. Hines and 
J. D. Vincent will be chapter three. 

Chapters 4 to 22 will be as fol- 
lows: Physical Chemistry of Flota- 
tion Systems by P. L. de Bruyn and 
I. Iwasaki, Theory of Non-Metallic 
Mineral Flotation by F. F, Aplan and 
D. W. Fuerstenau, Theory of Sulfide 
Mineral Flotation by John Rogers, 
Froths and Frothing Agents by R. B. 
Booth, Flotation Kinetics by N. Ar- 
biter. Applied Flotation Research 
and Development by R. J. Brison 
and R. D. Macdonald, Standard Flo- 
tation Separations by Clarence 
Thom, Statistical Methods in Flota- 
tion Testing and Mill Operation by 
W. A. Griffith, Flotation Circut De- 
sign by Adrian Dorenfeld, Flotation 
Machines by N. Arbiter, Fine Parti- 
cles in Flotation by W. L. Freyber- 
ger and §S. F. Ravitz, chapter 15 will 
be on the subject of flotation plant 
feed preparation, Plant Practice in 
Sulfide Mineral Flotation by F. W. 
McQuiston, Jr., and E. C. Tveter, 
Plant Practice in Non-Metallic Min- 
eral Flotation by R. E. Baarson, Mill 
Control by C. G. H. Bushell and J. E. 
Lawver, Analysis of an Operating 
Mill by F. M. Lewis and T. M. Mor- 
ris, Flotation Economics by S. D. 
Michaelson and Norman Weiss, Spe- 
cial Applications of Flotation by D. 
J. Brown and J. Parks, and the final 
chapter will be Outlook for Flotation 
by A. M. Gaudin. 


Gifts From Around The 
World Are Urged For 
New Engineering Center 


To the end of August, only the 
American Institute of Chemical En- 
gineers had attained its quota in the 
Members’ Gift Campaign for the 
United Engineering Center Building 
Fund. All of the other Societies are, 
however, redoubling their efforts to 
complete canvassing and reach their 
goals in the closing months of 1959. 

The AIME, with a target of $500,- 





000, has so far received pledges 
totaling some $300,000 from approxi- 
mately 4800 members. Some Local 
Sections have satisfactorily com- 
pleted their campaigns. But many 
others still have a large proportion 
of their members to approach, and 
no contact at all has been made with 
members in foreign countries except 
in Canada. Their contributions are 
invited, and may be made directly 
to AIME headquarters, either in one 
payment or in installments over the 
next three years. 

The records of the leading Local 
Sections in results attained to date 
are shown on page 941. It will be 
noted that geography has little bear- 
ing on the success of the canvassers. 
Rather, the Sections that have best 
organized their approaches to their 
members, and have worked the 
hardest, have had the best results. 

The building will serve the 200,000 
members of the national engineering 
societies whether they live in New 
York or in Western Australia. 








“Since 1885’—Gruendler Quality 
The Best That Money Can Buy 


Difficult crushing 
jobs made easy! 


One operation crushing without 
clogging or interruption. For run 
of mine bauxite, ore, sticky clay, 
shale or limestone formation. 


Force feeds!—No choke down! 

The manganese moving breaker 
plate covering greater area obviously 
outlasts stationary breaker plates 
many times. Available with pat- 
ented tramp metal catcher. Write: 
Dept., M.E.959 for Illustrated Bul- 
letin, crusher sizes dimensions and 
capacities. 


GRUENDLER CRUSHER 
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2915 N. Market St., St. Lowls 6, Mo, U.S.A, 
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Maurice Cooper presents the Old Timers 
Watch Award to Adolph W. Petzold, a 
January graduate of The Pennsylvania 
State University who compiled the high- 
est average for the Mineral Industries 
College class in mining engineering. 


e The 70th monthly luncheon of the 
Lima, Peru, Section was devoted to 
a discussion of a proposal to trans- 
late modern textbooks into Span- 
ish by the Education Committee. 
Numerous problems have been en- 
countered but the project has the 
backing of the Section. Suggestions 
and recommendations from any 
AIME members, and particularly 
from any Local Section in Latin 
America, will be greatly appreciated. 
Send ideas to the Acting Secretary, 
Lima, Peru, Local Section, Mr. Dan- 
iel Rodriguez, Lord Nelson. 171, 
Miraflores, Lima, Peru, S. A. 

A cocktail dinner-dance celebrated 
the seventh anniversary of the Sec- 
tion on June 20 at the Lima Country 
Club. 


e The Montana Section and the An- 
derson-Carlisle Society held a 
joint meeting, May 19, at the Mon- 
tana School of Mines. Following the 
business meeting, five students pre- 
sented papers. Kenneth Fox, Aurelio 
Madrazo, Don Zipperian, Carl A. 
Plate, and James D. Wallace were 
the student speakers, and the stu- 
dent wives served refreshments. 


e Officers for the 1959-1960 term of 
the Niagara Frontier Section are as 
follows: chairman, W. W. Stephens; 
vice chairman, C. H. Emery; secre- 
tary, J. D. Roach; and treasurer, A. 
L. Cerda. 

The following directors were also 
installed: D. G. Sturges, S. F. Urban, 
T. J. Voll, J. H. Brennan, B. E. Field, 
and M. C. Udy. 


e The annual dinner-dance of the 
Lehigh Valley Section was held on 


the Sections. 


May 22 at the Lebanon Country 
Club, Lebanon, Pa. Nathan Brown, 
Section chairman, presided over the 
evening’s festivities. Cocktails, a 
buffet dinner, and dancing filled the 
program arranged by the ladies un- 
der the direction of Mrs. Brown. 


e The Mineral Industries Society, 
University of Illinois Student Chap- 
ter of AIME, reviewed their meet- 
ings of the past year. A smoker was 
held on Oct. 14, 1958. In November 
the speaker was Walter H. Voskuil 
on the topic Developments in World 
Steel Industry Affecting Changing 
Ore Requirements. 

A December bridge party was held 
and movies in January were pre- 
sented by J. Ray McDermott & Co. 
and The Anaconda Co. 

A joint meeting in February in- 
cluded the student chapter of Amer- 
ican Ceramic Soc. L. R. McCreight, 
research engineer for General Elec- 
tric Co., spoke on Materials for Mis- 
siles. 

James J. Heger was speaker for 
March and in April Howard S. 
Avery and John C. Conte were the 
speakers on abrasion resistant al- 
loys. W. E. Goodman, chairman of 
the board of Goodman Manufactur- 
ing Co., presented the Old Timers 
Award to Dean W. Basely, treasurer 
of the Society, at this meeting on 
April 14. 


e On May 6 the Upper Mississippi 
Valley Section held its annual spring 
meeting at the American Legion 
Clubhouse in Hazel Green, Wis. The 
film Explosion at Ripple Rock was 
shown. R. Henry of Dupont was 
guest speaker. Wayne R. Zwickey 
was elected Section delegate and 
Francis B. Piquette was elected al- 
ternate Section delegate for 1960- 
1961. 


e This year’s Old Timers Watch 
Award at Pennsylvania State Uni- 
versity was presented to Adolph W. 
Petzold at the banquet of the Penn 
State Mining Society. Maurice 
Cooper, secretary-treasurer of the 
Old Timers Club, was the principal 
speaker of the evening. 


e The Black Hills Section welcomed 
Roger Pierce, AIME Vice President, 
as guest speaker at the May 21 meet- 
ing. Mr. Pierce spoke on the future 
of and lack of educational facilities 
in the mineral field. 


e The annual spring meeting of the 
Underground Mining Div. of the 
Arizona Section was held at Phelps 
Dodge Corp., Bisbee, Ariz., on June 
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20. In the morning an underground 
trip to the Copper Queen Branch 
was held, with W. W. Little, mana- 
ger, acting as host. After a luncheon 
at the Copper Queen Hotel the fol- 
lowing papers were presented: 
Geology of the Warren Mining Dis- 
trict by H. E, Metz; Campaign for 
the Elimination of Accidents at the 
Copper Queen Branch by W. J. 
Hunt; and Discussion of Semi- 
Automatic Interior Shaft Hoists at 
the Copper Queen, led by A. E. 
Himebaugh. 


e Election of officers for the North- 
western University Student Chapter 
took place at the last meeting, with 
the new officers assuming their 
duties in the fall. President-elect is 
Robert G. Wolfson, and secretary- 
treasurer will be Lyle H. Schwartz. 


e The Oregon Section held its June 
meeting at Riddle, Ore., with the 
members touring both the mining 
operations of Hanna Nickel Mining 
Co. and Nickel Mountain and the 
smelting plant of Hanna Nickel 
Smelting Co. This operation of 
Hanna is the only nickel mining and 
smelting operation in the U.S 

e On May 22 the members of the 
Utah Section enjoyed a field trip to 
Carbon County Coal Area. They 
visited the U. S. Steel Corp. Well- 
ington coal cleaning plant. In the 
evening cocktails and dinner were 
offered at the Carbon County Club. 
R. M. Von Storch reviewed the his- 
tory of the area and discussed the 
dangers of inflation and other prob- 
lems facing the steel industry. He 
ended his talk with the movie The 
Wellington Story. 


W. E. Goodman, right, chairman of the 
board of Goodman Manufacturing Co., 
presents the Old Times Club Award 
watch to Dean W. Baseley, senior in min- 
ing engineering, University of Illinois. 











Personals 








Grover J. Holt has retired from his 
post as assistant to the president of 
Cleveland-Cliffs Iron Co. He will 
continue as consultant with the 
company and plans to establish a 
consulting practice with head- 
quarters at 403 Magdalena Ave., San 
Clemente, Calif. 


D. F. Coolbaugh returned to the 
U. S. after one and a half years in 
Burma as mining advisor on a Ford 
Foundation project. Present address 
is Jones Road, Golden, Colo. 


rg hy 


G. J. HOLT E. D. PORRO 


Emo D. Porro has been appointed 
vice president of Broadview Re- 
search Corp., in charge of develop- 
ment and expansion of the organ- 
ization’s programs of research serv- 


ices to government and industry. 
Formerly he had been executive vice 
president and general manager of 
Thermo Materials Inc. 


Graham J. Morgan has been elected 
executive vice president of U. S. 
Gypsum Co. Formerly he was vice 
president and assistant to the chair- 
man. 


Oleg Terichow has been assigned to 
Allis-Chalmers processing machin- 
ery department as an application 
engineer. He recently completed 
Allis-Chalmers training course for 
graduate engineers, after receiving 
a master’s degree from Pennsylvania 
State University. 


Carter P. Thatcher has been ap- 
pointed vice president, mining opera- 
tions, for Yuba Consolidated Indus- 
tries Inc. His office is in San Fran- 
cisco. 


The Idaho Bureau of Mines and 
Geology has been carrying on 
several field projects this summer to 
study the development of Idaho’s 
mineral resources. C. N. Savage, 


economic geologist, is preparing re- 


ports on Gem, Payette, and Bonne- 
ville counties. Raoul Choate is con- 
tinuing the survey of Idaho’s lime- 
stone resources. A. L. Anderson will 
map the Tendoy quadrangle. Robert 
Jones and Henry Hall are studying 
mineralized shear zones. The third 
season of geologic mapping in the 
southern Sublett Range of Oneida 
and Power counties is being con- 
ducted by Howard Cramer. And 
Wakefield Dort is studying the his- 
tory of the Coeur d’Alene River 
system. William Baillie has joined 
the Bureau as mineral analyst. 


M. F. DUFOUR N. J. DUNBECK 


Maurice F. Dufour has been elected 
executive vice president and direc- 
tor of Freeport Nickel Co. He is 
vice president of Freeport Sulphur 
Co., the parent organization. 


Norman J. Dunbeck, who heads the 
Industrial Minerals Div. of Inter- 
national Minerals & Chemical Corp., 
was elected vice president of the 
American Foundrymen’s Soc. 








PROPOSAL FOR AIME 
MEMBERSHIP 


CHANGE OF ADDRESS AND PERSONALS FORM 





CHANGING YOUR ADDRESS? Don't forget to notify us six (6) weeks before you 
move, if possible, to insure uninterrupted receipt of your publications and correspond- 
ence. Please fill in the form below and send it to: J. F. Lynch, Asst. Treasurer AIME, 


I consider the following per- 29 West 39th Street, New York 18, N. Y. 


son to be qualified for member- 
ship and request that a mem- 
bership kit be mailed to him: 


Old Address . 


Name of Prospective Member: 








PERSONALS: Please list below your former company and title and your new title and 
company (or new work) for use in Minine Encineentnc. (Copy deadline for personals 
items is six weeks before date of issue.) 

Name of AIME Member: Former Company 


Former Title --vevseeenevme ongth of Time There . 
New Compony —. 


_ kere. Se 
Address 


Any recent activity that would be of interest to members: 
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personals 


continued 











Robert Henry Dickson, manager of 
mining operations, General Chemical 
Div., Allied Chemical Corp., retired 
July 1 after 27% years in charge of 
the mining department. Prior to 
coming to New York in 1931 he was 
with the Calumet & Arizona Mining 
Co. (now Phelps Dodge Corp.) for 
19 years, except for a period of 
Army service. Successively he was 
chief engineer at Bisbee, superin- 
tendent of the 85 mine near Lords- 
burg, N. M., and manager of the 
Verde Central mine at Jerome. 


oo 


ha 


F. COOLBAUGH J. H. WREN 


Appointment of Frank Coolbaugh as 
president of the Climax Molybde- 
num Co., Div of American Metal 
Climax Inc., has been announced. 
He succeeds Weston Thomas who 
was elected executive vice president 
of the parent organization. Mr. Cool- 
baugh had worked his way from 
miner's helper to vice president and 
director of American Metal Climax. 
Other recent changes in positions in- 
clude the resignation of Hans A. 
Vogelstein as president of American 
Metal Climax, although he was re- 
elected a director. Walter Hochschild 
was elected president and reelected 
vice chairman of the board. Arthur 
H. Bunker was elected chairman of 
the board. 


James H. Wren, consulting mining 
engineer of Sacramento, Calif., and 
associates have acquired a second 
concession on the eastern slopes of 
the Andes in southeastern Ecuador. 


J. H. Buehler has been elected presi- 
dent of Bristol Silver Mines Co. 
C. M. Christensen was reelected sec- 
retary-treasurer. Byron S. Hardie 
has been elected vice president. 
Other directors reelected are Jere- 
miah Milbank Jr., Paul W. Jenkins, 
and James E. Jones. 


David L. Veith, formerly student at 
University of Minnesota, now is 
junior metallurgist for Pickands 
Mather & Co. in Hibbing, Minn. He 
graduated in June with a degree in 
mining engineering. 

M. J. de Bastiani has been appointed 
mine manager of Denison Mines Ltd. 
He has been assistant mine manager 
since 1956. 


Wallace L. Larsen, formerly mining 
engineer for The Anaconda Co., is 
civil engineer II for the State of 
Illinois. 


Martin K. Hannifan has been named 
manager of mines for The Anaconda 
Co. in Butte, Mont. He had been 
assistant general superintendent of 
mines, in charge of the Kelley opera- 
tion. 


E. C. Skinner, manager of the Inter- 
national Minerals and Chemical 
Corp. potash mine in Carlsbad, N. M., 
has been given new responsibilities 
in the consolidation of the company’s 
Potash Div. with the Phosphate 
Minerals and Phosphate Chemicals 
operation. The new division will be 
headed by David J. Stark, to whom 
Mr. Skinner, as manager of potash 
minerals and chemicals, will report. 
N. C. White, vice president of the 
old Potash Div., will be manager of 
planning for potash operations in the 
new Agricultural Chemicals Div. 


George E. Warwock, who spent the 
last three years on a fellowship at 
the University of Arizona, now has 
accepted the position of geologist for 
Cerro de Pasco Corp. in Peru. 


The Ohio State University and the College of Engineering honored a mining engineer- 
ing alumnus who has become nationally recognized as an expert in the coal mining 
industry. At the ceremonies, Dean H. A. Bolz, right, shakes hands with David H. Davis 
who won the Distinguished Alumnus Award. At left is the university president, N. G. 
Fawcett and professor J. Richard Lucas, Mining Engineering Div. Mr. Davis is assistant 
to vice president of operations for Consolidation Coal Co., large coal mining company. 
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Cc. H. DEWEY J. R. MeVICKER 


Charles H. Dewey and Joseph R. Mc- 
Vicker have been placed in charge 
of Republic Steel Corp.’s northern 
iron ore and the company’s coal min- 
ing operations, respectively. Both 
have been named general managers 
of their areas and will maintain 
headquarters in Cleveland. 


Arthur W. Heuck has been trans- 
ferred to Cayenne, French Guyana, 
where he will be in charge of an 
examination of aluminous iron late- 
rites for Kaiser Aluminum and 
Chemical Corp. For the preceding 
two and a half years Mr. Heuck has 
done similar work for Kaiser in 
Hawaii, Panama, and most recently 
in Brazil. 


Roger R. Nelson, who has been an 
assistant professor of mining and 
metallurgy at the University of 
Wisconsin, has received a National 
Science Foundation Science Faculty 
Fellowship for 15 months and will 
undertake graduate study at the 
University of Arizona. 


J. R. Pennington, formerly superin- 
tendent, General Chemical Div. of 
Allied Chemical Corp., has been 
promoted to assistant manager of 
mining operations. His home is in 
Summit, N. J. 


S. D. Schwarz, who has been geol- 
ogist and geophysicist for the past 
five years for the Oregon State High- 
way Dept., now is working for Geo- 
Recon Inc. in Seattle, where the firm 
provides seismic and electrical re- 
sistivity surveys. 


J. E. Le Blanc, Jr., assistant super- 
intendent of electrical ore handling, 
Orinoco Mining Co. in Venezuela, has 
returned to the U. S. as an electrical 
engineer for Vulcan Materials Co. in 
Birmingham. 


Lauren W. Choate has left the St. 
Joseph Lead Co. where he was shaft 
superintendent to become mine 
superintendent for Cabot Carbon Co., 
designing and supervising an under- 
ground mine for the recovery of 
wollastonite. 


New appointments at The New 
Jersey Zinc Co. include the follow- 
ing: K. R. Winslow has been ap- 
pointed superintendent of the Han- 
over, N. M., operation. A. D. Hoag- 
land will be chief geologist, Ten- 
nessee. Clark H. McNaughton, Jr., 
becomes mine chief at the Austin- 
ville, Va. mine. B. J. O’Neill has 
been made assistant mine chief at 
Treadway, Tenn. And W. T. Forsyth 





THIS DECISION 
WILL PAY 
BONUS PROFITS 
OF MORE THAN 
$6,500 EVERY DAY! 


This order and installation of Wemco-Fagergren 

Flotation Machines by a leading coal producer will result in 
additional profits of over $6500 per working day— 

and for surprisingly low capital investment. 

Cost of the total plant addition, including the flotation cells, 
will be offset in less than four months. 


This is another example of how Fags go to work—profitably. 
Recovery is consistently higher; floor space, maintenance 
and operating labor, reagent and other requirements are less. 


The Wemco-Fagergren record of profit-producing 

installations tells the story of sound experience. The men 

of Wemco will be glad to furnish all the facts and 

discuss why Wemco-Fagergren Flotation will do a better job— 
where flotation has a place. 


® 4 division of 
Western Machinery Company, 660 Fifth St., San Francisco, Calif. 
and throughout the world 
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will be resident geologist for Penn- 
sylvania at Friedensville. 


Thomas E. Howard, formerly of the 
Bureau of Mines field office in Spo- 
kane, has been named chief of the 
Bureau’s Branch of Ceramic and 
Fertilizer Materials in Washington, 


W. C. Hall, formerly assistant super- 
intendent, has been promoted to 


| superintendent of coke, coal han- 


dling, and docks at Jones & Laughlin 
Steel Corp.’s Alliquippa works. 


George I. Spencer, Jr., vice president 
of American Zinc Co. of Illinois, has 
been appointed vice president of 
American Zinc, Lead & Smelting 
Co., the parent firm. 


| John A. Lentz has become manager 


of the Morenci branch of Phelps 
Dodge Corp. to succeed Lyle M. Bar- 
ker who has retired from active ser- 
vice. 


F. V. SCHNEIDER D. E. NEWTON 


| Changes in positions within Wemco, 


a division of Western Machinery Co., 


| include the following: F. Victor Sch- 


neider became field sales manager; 
Douglas E. Newton became head- 
quarters sales manager; William H. 


| Reck will continue as consulting 


metallurgical engineer; Donald W. 
Jenkinson has been appointed con- 
sulting metallurgical engineer; 
Charles E. Golson has been named 
manager of sales development in the 
aggregate industry; Harold K. Cogs- 
well remains Eastern regional sales 
Gordon E. Cofield was 
sales David L. 


trict manager; 


| Springston became manager of coal 
| sales; 


and completing the changes 
within the general sales department, 
Joseph J. Davey was appointed man- 


| ager of torque-flow pump sales. 


| N. A. Grant, formerly assistant mine 


manager for Gunnar Mines Ltd., now 


| works for Tidewater Oil Co. as min- 


ing engineer, in Casper, Wyo. 


F. W. Wyatt, Union Carbide Corp., 
has transferred from Union Carbide 
Nuclear Co. in Uravan, Colo. where 
he was plant metallurgist, to the 


| Globe Mining Co., a unit of Union 
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Carbide, where he will be superin- 
tendent of a new mill in the East 
Gas Hills area of Wyoming. 


Arthur W. Rose, geologist for Bear 
Creek Mining Co., has moved from 
the Southwest District to the Salt 
Lake City office where he is conduct- 
ing research on copper deposits. 


Howard F. Bartlett has been on 
leave of absence while completing 
classwork for a master’s degree at 
the University of Michigan. Formerly 
he had been with the Utah Mining 
Co. at Riverton, Wyo., and now he 
is in Lima, Peru, with Marcona Min- 
ing Co. as geologist. 


John E. Daveau worked part time for 
American Metal Climax Inc. while 
attending the University of Arizona. 
He is enrolled in the Western Elec- 
tric Co. graduate training program at 
Omaha, Neb., where he is engineer, 
raw materials, metallics, and metal- 
lurgical laboratories. 


Ernest L. Corp was assistant engi- 
neer for the City of Seattle and has 
become industrial engineer for Cli- 
max Molybdenum Co. in Climax, 
Colo. 


V. Cisneros, Jr., formerly general 
manager of Cia Minera de Huehue- 
tenango S. A. in Guatamala, has 
established himself in business in 
Mexico City. 


Earl R. Johnson, formerly superin- 
tendent of ore dressing for Erie 
Mining Co., now works for Bechtel 
Corp. in Belmont, Calif. 


Alfred T. Beckwith, formerly pro- 
ject engineer for The Lummus Co., 
is employed by Boeing Airplane Co. 
as contract specification engineer in 
Seattle. 


George H. K. Schenck, who has been 
project engineer for Azbe Corp., has 
accepted the position of staff engi- 
neer for Crucible Steel Co. of 
America in Pittsburgh. 


Arthur P. Nelson has become com- 
modity analyst, Div. of Foreign Ac- 
tivities, for the U. S. Bureau of 
Mines. He had been general manager 
of Mines de Matahambre S. A. in 
Cuba. 


W. H. RECK D. W. JENKINSON 


R. F. Kohn, who has spent 12 years 
with Pickands Mather & Co., has 
been appointed assistant general 
manager of Marcona Mining Co., 
Lima, Peru. He will direct activities 
at Marcona’s iron mining operation 
and port shipping facilities at San 
Juan. 





Roy T. McIntosh has become senior 
field service engineer at Turner AFB, 
Albany, Ga., with the responsibility 
of representing Boeing Airplane Co. 
on problems concerning the B52, 
which includes teaching, and engi- 
neering liaison. 


Carl C. Tilmont, formerly an engi- 
neer equipment officer for the U. S. 
Army, works for Standard Lime and 
Cement Co. in Martinsburg, W. Va. 


W. R. McDaniel has become divi- 
sional sales manager for Marion 
Power Shovel Co., after two years 
as supervisor of Eimco sales for 
Union Supply Co., Denver. He will 
operate out of Minneapolis. His 
home is in Excelsior, Minn. 


George L. Wilhelm, who was a grad- 
uate student at Harvard Business 
School, has accepted the position of 
mining engineer for Hecla Mining 
Co. in Wallace, Idaho. 


Cc. E. GOLSON D. L. SRPINGSTON 
Howard R. Hammond has been ap- 
pointed general manager of the 
newly created Defense Products 
Div. of Allis-Chalmers Manufactur- 
ing Co. 


Appointment of T. V. Barton as in- 
dustrial sales manager at Peterson 
Tractor Co., San Francisco Bay area 
dealer for Caterpillar Tractor Co., 
has been announced. 


J. R. Stewart has been appointed 
comptroller of Quebec Cartier Min- 
ing Co. He has been comptroller of 
U. S. Steel Products Div. in New 
York. 


H. C. Meyer, Jr., has been named to 
the position of general manager, 
market research and control, for 
Foote Mineral Co. He has been with 
the company since 1940, serving in 
both research and sales. 


Honorary degrees presented at the 
University of Alabama included a 
Doctor of Science degree to James R. 
Cudworth of the University College 
of Engineering. 

Elections at the annual meeting of 
The American Iron Ore Assn. in- 
cluded the reelection of Herbert C. 
Jackson, associate managing partner 
of Pickands Mather & Co., as chair- 
man of the board of directors. Walter 
A. Sterling, president and chairman 
of The Cleveland-Cliffs Iron Co., was 
reelected chairman of the executive 
committee. And Hugo E. Johnson 
was reelected president. Three new 
directors are: C. H. Dewey, Republic 
Steel Corp; C. B. Jacobs, Inland Steel 
Co.; and R. Q. Archibald, North 
Range Mining Co. 
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a 
The Hardinge Dise-Roll Mill is applied to dry grinding of minerals such 
as talc, limestone, coal, phosphate rock, bauxite, clays, celestite, and gypsum, 
The Dise-Roll Mill incorporates pneumatic roll-loading. Since the pressure 
on the rolls can be released or increased at will, complete flexibility of 
operation results, The problem of overloading is eliminated. Also, the 
Hardinge “Gyrotor” Classifier is standard equipment on the Dise-Roll Mill. 


This classifier provides very close control of the finished product over a wide 
range of sizes, Ask for Bulletin 52-2. 


HARDINGE 
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© 


YORK, PENNSYLVANIA + 240 ARCH ST. * Main Office and Works 
New York - Toronto - Chicago - Hibbing - Houston - Salt Loke City - San Francisco - Birmingham - Jacksonville Beach 
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George Havas, general manager of 
the Heavy Construction Div. and vice 


Frank Windolph became assistant 
general superintendent. Fred Hoff 
has advanced to mill superintendent; 
Jim Shore will be his assistant; and 
Fred Bender was named mill opera- 
tions foreman. 


Thomas J. Allen, formerly mine 
engineer for Bestwell Gypsum Co., 
has become chief engineer for Sheep 
Creek Mines Ltd., Near Invermere, 
British Columbia. 


William H. Davitt, for the past three 
years in the U. S. Navy, now is a 
valuation engineer for the Internal 


_. Revenue Service. 


A. E. Matson has retired as consult- 
ing director of beneficiation for the 
M. A. Hanna Co. after 40 years in 
the iron ore industry. 


L. M. Baker, production assistant for 
Baroid Div., National Lead Co., has 


president of Henry J. Kaiser Co., has 
received the honorary degree of 
Doctor of Engineering from Rens- 
selaer Polytechnic Inst. 


Ole Singstad, New York consulting 
engineer and tunnel designer, has 
been awarded the Chilean Order of 
Merit He was honored for having 
volunteered his services as a consul- 
tant in the construction of a tunnel 
on the highway between Santiago 
and Valparaiso. 


Henry L. Day, Wallace, Idaho, presi- 
dent of Day Mines Inc., and Ross D. 
Leisk, Spokane consulting engineer, 
have been named to the board of 
Pend Oreille Mines & Metals Co. 


Robert Henderson has become gen- 
eral manager, western operations, 
and Edwin Eisenach has _ been 
named resident manager of the 
Climax mining operations of Cli- 
max Molybdenum Co. John Petty has 
been promoted to general superin- 
tendent of the Climax mine, and 





C. Jay Parkinson (left), vice president and general counsel of The Anaconda Co., re- 
ceived from Thomas S. Bryan, publisher of “Investor's Future”, a placque in recognition 
of Anaconda’s “outstanding performance in the field of investors relations,” in May 1959. 





Tyler Screen Sections 
for All Makes 
of Screening Machines! 


Screen sections of Tyler Woven Wire are fabri- 
cated for all makes of vibrating screens in any 
mesh or metal. They are made up with hook-strip 
or bent-edge construction to suit the machine on 
which they are to be used. 


Tyler rugged, accurately-applied hook-strips 
make possi le stretching and maintaining the 
screens at drum-head tension, which is essential for 
successful screening and long screen life. 


THE W. S. TYLER COMPANY 


CLEVELAND 14, OHIO 


Man ' Woven W 


Canadian Plant—St. 


atharines, Ontario, Canada 


956—MINING ENGINEERING, SEPTEMBER 1959 











277 


What are your professional choices for 
the “Seven Mining Wonders” of the 20th 
Century? 


CRITERIA 


1). Usefulness to man and nation (public welfare). 
2) Natural difficulties overcome. 

3) Size—productivity. 

4) Life of the mine. 

5) Solution of unique engineering problems. 


Selections: 


What are the reasons for your selections? 


Address your letters (or cut out this advertisement) and 
mail to: 
MINING ENGINEERING 
29 West 39th Street 
New York 18, N.Y. 











moved from production assistant to 
plant superintendent in Corpus 
Christi, Texas. 


Paul Fenwick, formerly eastern 
regional sales manager for Marion 
Power Shovel Co., recently organized 
his own firm that distributes heavy 
construction equipment. He is now 
president of Fenwick Machinery Co. 
in Caldwell, N. J. 


R. L. Schultze, assistant general su- 
perintendent of Hidden Splendor 
Mining Co., transferred in March to 
Ambrosia Lake District to be in 
charge of operations of Rio De Oro 
Uranium Mines, Inc. as vice presi- 
dent and general manager. 


G. L. Way has become vice president 
of Canadian Bechtel Ltd. in Montreal 
after 13 years with Bechtel Corp. as 
manager of industrial plant engi- 
neering. 


Harry A. Astlett has joined The 
Anaconda Co. as mine foreman after 
two and a half years with American 
Metal Climax as exploration geolo- 
gist. 


The Charles Will Wrights celebrated 
their Golden Wedding anniversary 
on May 2 at the Cosmos Club, Wash- 
ington, D. C. Mr. Wright also had his 
80th birthday in May and is still 
actively engaged in consulting work 
and writing articles. 


Wayne A. Pakkala has been trans- 
ferred from the Cleveland-Cliffs Iron 
Co.’s Minnesota iron ore mines to 
the company’s executive offices in 
Cleveland. He will now be technical 
assistant in the mining department; 
he had been general superintendent 
of the Minnesota mines. 


F. E. BRIBER, JR. E. B. COOK 


Allis-Chalmers processing machin- 
ery department announced the three 
following appointments: Frank E. 
Briber, Jr. became manager of pro- 
duct sales; Eugene B. Cook was made 
chief engineer; and Arthur J. Jor- 
gensen became consulting mechan- 
ical engineer. 


Conrad W. Pilz, metallurgist, has re- 
turned to Silver Bell, Ariz., after 
two years in Newfoundland. He is 
associated with American Smelting 
and Refining Co. 


John S. Cosgrove, Jr., has moved 
from the Huntington, W. Va. sales 
office to become district manager of 
the Pittsburgh sales for Goodman 
Mfg. Co. 


Paul F. Patchick received his masters 
degree in economic geology from the 
University of Southern California 





and has become geologist for Ameri- 
can Potash & Chemical Corp. in 
their Land and Exploration Dept. 


George D. Dub has retired from 
Cyprus Mines Corp. and as president 
and general manager of Coronado 
Copper and Zinc Co. He plans to 
resume consulting engineering prac- 
tice in Los Angeles after a vacation. 


J. William Hasler has been trans- 
ferred, along with the Grand Junc- 
tion, Colo., office of Minerals Explo- 
ration, to the Denver office where he 
will continue his work with the U. S. 
Geological Survey. 


A. J. Weith has been appointed di- 
rector of petrochemicals and mining 


chemicals for the Organic Chemicals 
Div., American Cyanamid Co. 

John M. Hoffman has been elevated 
to the newly created post of mining 
manager of The Anaconda Co. He 
has been assistant to the vice presi- 
dent in charge of operations since 
1958. 


A. J. JORGENSEN J. M. HOFFMAN 





SYV722ON 





Vibra-Flow 


VIBRATORY FEEDERS 


lower materials handling costs 

SYNTRON Vibratory Feeders lower coal and ore handling costs by providing an efficient, 
dependable, high capacity, controlled fiow method of conveying moterial—fine, lump or 
run-of-mine from storage hoppers to conveyor belts, screens, crushers and other process 


equipment. 


Simplicity of design and rugged construction means long, dependable operation with low 
maintenance. Working on an electromagnetic principle eliminating gears, belts, bearing, etc., 
assures less down time and less maintenance. Control of material flow is instantaneous and 
may be manual or automatic—they are compact and versatile, easy to install, easy to 


maintain. 


Let SYNTRON Vibratory Feeders help lower material handling costs and increase produc- 


tion. 


Write for complete catalog dato—FREE 


SYNTRON COMPANY 


>54 Lexington Ave. 


Homer City, Pa 


Other SYNTRON Equipment of proven dependable Quality 


eo ~% BP 


MECHANICAL 
SHAFT SEALS 


RAPPERS 


CAR BATTERY 
CHARGERS 
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What makes Linatex so elastic in defence, so 
resilient that particles simply bounce off? 
Linatex is 95% pure natural rubber, made from 
fresh Latex in Malaya. Linatex is stabilised by a 
patent process, giving it greater resistance to 
abrasion than any other known material. 

Chutes lined with Linatex win on points against 
abrasion in mining plants all over the world. 
Linatex linings can be applied to metal, wood or 
concrete. Whether you mine coal or diamonds... 


gold or copper. . 


. tin or pyrites—consult your 


nearest Linatex Organisation. Their experience 
and prompt advice are freely available. 


INAIE 


SRODUCS 


The first line of defence against abrasion 
6 of the 1° } ld 


A 


U.S.A. 
Linatex Corporation of 
America, 

P.O. Drawer D, 
Stafford Springs, 
Conn., U.S.A. 


itex Tactories 


+} ¢ + 
i 


MALAYA 
The Wilkinson Process 
Rubber Co, Ltd, 
Batu Caves, 
Selangor. 
Fed. of Malaya. 


Dandenong, Victoria, 
Australia. 





CANADA 
Wilkinson Linatex 
Co, Ltd, P.O. Box 1310, 
Station O., Montreal 9, 
Quebec, Canada. 








ENGLAND 
Wilkinson Rubber 
Linatex Ltd, 
Camberley, 
Surrey, England. 





SOUTH AFRICA 
R. J, Spargo Ltd, 
P.O. Box 7128, 
Johannesburg, 
South Africa. 
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| Obituaries 


An Appreciation by Harold B. Ewoldt 


Gideon A. Apell was born Aug. 14, 1887, in Clinton- 
ville, Wis., and departed from this earth Apr. 27, 1959, 
from injuries received in an automobile accident near 
Holbrook, Ariz. The exact cause of the accident is un- 
known, but it appears that Gid was driving from their 
home in Sunland, Calif., to be with his wife, Leota, 
who was seriously ill at the home of her daughter in 
Pueblo, Colo. Gid lingered for about 19 days and the 
body was shipped to Pueblo for burial. Leota passed 
away late in May and was buried beside him. 

Not too much is known of Gid’s early life except a 
cryptic remark that he once made of having “worked 
in Chicago six years to earn money to complete my 
college education.” He graduated from Michigan Col- 
lege of Mines at Houghton in 1915 and for the next 
two years was employed in northern Michigan as an 
engineer for an exploration company prospecting for 
copper in the None Such Shales west and south of the 
present White Pine mine. In 1917 Gid joined the Army 
and served two years as Lieutenant in the Coast Artil- 
lery. After the war he was employed as an examina- 
tion engineer and spent several years investigating 
bauxite deposits in Africa and South America, return- 
ing to Arizona where he operated a small mine near 
Prescott. Following this he returned to South America 
and as Gid so aptly expressed it “in 1932 we were 
thrown on the beach at Miami, Fla., with nothing but 
two trunkloads of winter clothes.” Shortly thereafter 
he obtained a position with the Veterans Administra- 
tion as an engineer and spent the next few years con- 
structing hospitals. In 1940 he transferred to the U. S. 
Bureau of Mines and his first assignment was a manga- 
nese project near Aguila, Ariz. Gid continued with 
the Bureau until 1957 when he retired to a home in 
Sunland, Calif. His service with the Bureau covered 
many minerals and mining districts: tungsten in Cali- 
fornia; coal in Alaska; lead-zinc in Illinois, Wisconsin, 
and upper New York State; and staff work at the vari- 
ous regional offices. At the time of his retirement he 
was assigned to the Spokane, Wash., office. 

Gid was a competent, dedicated and sincere engi- 
neer, a warm friend with a contagious sense of humor. 
Many of us who worked with him in the field have 
fond memories of his ability as a raconteur, for after 
the day’s work we would gather around the campfire 
or in his room at the boarding house to hear him re- 
late some humorous episode. It can be truly stated that 
he was the salt of the earth. 


John W. Sheedy (Member 1943) died Jan. 16, 1959, 
and was buried in his home state of Montana. He had 
graduated from Montana School of Mines, University 
of Montana, in 1915 with an E.M. degree and began 
work in the research laboratory of Butte and Superior 
Mining Co. In 1920 he joined Iron Cap Copper Co., 
then became general mill foreman for Nevada Consoli- 
dated Copper Corp., remaining in that position 14 
years. He was mill superintendent for Cia Huanchaca 
de Bolivia in 1936 and senior engineer for Metals Re- 
serve Co. in 1943. 


Ben B. Chomiak (Member 1948) died in 1958 at the 
age of 35. He was born in Palmer, Pa., and graduated 
from the Colorado School of Mines in 1951 with an 
E.M. degree. He was a pilot doing aerial crop dusting 
for Inland Aviation Corp., and worked for the Re- 
search Foundation Inc. of the Colorado School of 
Mines. He worked for the Colorado Fuel & Iron Corp. 
and American Smelting & Refining Co. in Mexico. In 
1953 he was mine foreman for Cia. Minera Asarco, 
then went to South West Africa for Tsumeb Corp. Ltd. 
He returned to Mexico in 1956. 











Agostino G. Coda (Member 1949), 
manager of Societa di Monteponi, 
Vado Ligure, Italy, died on Nov. 21, 
1958. He studied at Politecnico and 
Scuola Electrochimica, receiving ‘a 
doctorate in metallurgical and 
chemical engineering. 


Norman B. Holter (Member 1928) 
died on his 89th birthday, on Feb. 
8, 1957. A native and favorite son of 
Montana, he followed in his fath- 
er’s footsteps, administering the 
family business interests. He gradu- 
ated as a mining engineer from 
Columbia University in 1891 and 
returned to Montana to earn a name 
for his business acumen. He was 
founder and director of the Montana 
Flour Mills, director of Montana 
Power Co., and member of many 
honorary associations. 


Harold R. Swingle (Member 1957) 
died in Reno, Nev., on Jan. 31, 1959. 
He had been born in Fallon, Nev. 
and was educated at the Mackay 
School of Mines, University of Nev- 
vada. He was special representa- 
, tive for Ingersoll-Rand Co. in 
Seattle, and held various other po- 
sitions as  geologist’s assistant, 
miner and mucker, and electronics 
technician’s mate in the U.S. Navy. 


Theodore Worley Legge (Member 
1954) died in March 1959. He was 
born in Indiana and attended In- 
diana University, beginning his 
career with the Indiana Limestone 
Co. He took charge of the quarry, 
then moved to The Bloomington 
Limestone Corp. in the same posi- 
tion. He advanced to assistant man- 
ager of quarries and mills serving 
the company for close to 30 years. 


Joseph S. Luckett (Member 1959) 
died on Mar. 30, 1959. He had been 
also student member and junior 
member of the Institute. He was 
born in E] Paso, Texas, in 1917 and 
attended the Texas College of Mines. 
He held various mining jobs during 
summers and for two years before 
returning to study at Texas Western 
College. In 1942 he was an engineer 
for Neptune Gold Mining Co. and 
in 1956 he was a consultant geolo- 
gist for Ventures Ltd. in New York. 
He did some exploration for Em- 
pressa Mineria Jalisco in Mexico 
City. 


James S. Robbins (Member 1930), 
native of Brooklyn, died Dec. 7, 1958. 
He was educated at the University 
of California, the University of 
Michigan, and Michigan College of 
Mines, where he graduated in 1929. 
He began his mining career as muck- 
er, miner, and pipefitter for the 
Hudson Bay Mining & Smelting Co. 
in Flin Flon, Manitoba. Various 
other positions led to his job as 
general manager of Arctic Circle 
Exploration in Candle, Alaska. In 
1940 he was with the same firm in 
Seattle. 





Necrology 











Date 
Elected Name 


Gary Alexander 
William S. Boyd 
Stanley Dyktor 
David A. Garrick 
James E. Gyde 
Robert M. Haskell 
Messmore Kendall 
Andrew H. McAuley 
Francois Perot 
Melvin H. Porterfield 
Clyde H. Shoemaker 
J. R. Vandenberg 
Alf Welhaven 

D. H. Wilson 








Membership 











Proposed for Membership 
Society of Mining Engineers of AIME 
Total AIME membership on July 31, 1959, 
was 32,470; in addition 2,710 Student Mem- 
bers were enrolled 


ADMISSIONS COMMITTEE 
A. E. Weissenborn, Chairman; Frank A. 
gh Vice yr ey R. T. Lassiter, Charles 
B. Lonber. Alfred D. Rood, William J. Rude, 
L. Warriner. 


The Institute desires to extend its privi- 
leges to = person to whom it can be of 
service, b ie net desire as members 
sons oe ¢ a wnquatihed. Institute members 
are urged to review this list as soon as pos- 
sible and immediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be unqualified for AIME 
membership. 


Members 
Chase J. Brooke, Jr., Veracruz, Mexico 
Vern W. Cartwright, Sacramento, Calif. 
Gordon E. Cofield, Hibbing, Minn. 
Raymond Dugdale, Anaconda, Mont. 
Robert F. Engel, San Francisco 
Einar C. Erickson, East Ely, Nev. 
Louis G. Helmick, Jr., Pittsburgh 
Glenn C. Johnston, Grants, N. M. 
Sung H. Kim, Seoul, Korea 
John W. Leber, Pittsburgh 
Joung H. Lee, Seoul, Korea 
John W. Litton, Jr., Wise, Va. 
Philip S. Maddox, Pittsburgh 
William C. Martschinke, Oaklawn, Il. 
Hamilton G. McVeigh, Toronto 
Wayne A. Millsap, Grants, N. M. 
Enrique R. Monje, Chuquicamata, Chile 
Emery C. Olsen, Dragerton, Utah 
John L. Pearson, San Francisco 
Charles D. Reese, Birmingham 
Jack A. Rogers, Macon, Ga. 
Eugene H. Sanders, Denver 
Stuart R. Snow, Dragerton, Utah 
Robert B. Stauber, Ottawa, Ill. 
Raymond W. Weicker, Bethlehem 


Associate Members 


Howard L. Edwards, Washington, D. C. 
Alfred E. France, Duluth 

Lamar Lyons, Grants, N. M. 

LaVar Tate, Tooele, Utah 

Alden J. Teske, Boise, Idaho 

Lope M. Valmores, Manila, Philippines 


Junior Members 

Robert E. Ennis, Denver 
Thomes K. Henritze, Riverton, Wyo. 
Jerome F. Machamer, Holley, N. Y. 
Vivian D. Toler, Sharples, W. Va. 
Earle A. White, East Chicago, Ind. 

CHANG OF STATUS 

Associate to Member 


Theodore Toren, Grand Junction, Colo. 
Junior to Member 

William A. Thompson, Jr., Wise, Va. 
REINSTATEMENT 


Barton M. Sproule, Custer, Mich. 
Walter F. Camacho Navarro, 
Ecuador 


REINSTATEMENT—CHANGE OF STATUS 


A jate te Memb 


Cornelis W. Corts, Palawan, Philippines 


Guayaguil, 





mine to market 
faster with 
BEE-ZEE SCREENS 


How you screen your product has its effect 
on how fast you sell it Bee-Zee Screens use 
sharper sizing, better dewatering, and non 
clogging features to move mined products 
faster...to make you money. Special applica- 
tions and difficult conditions are “everyday 
jobs" for these stainless steel, precision-weld- 
ed screens. Engineered in the right size, the 
right shape and with the right rods for your 
individual operation, Bee-Zee Screens can be 
the difference between problems and profit. 
Ask your Screening Equipment Manufac- 


turer or write, wire or phone Galesburg 
Dickens 2-5154 collect. 


2200 =—gese 


ROUND-ROD SCREEN GRIZZLY ROD SCREEN 
long-life accuracy rugged accuracy 


Atl, 2222 


1S0-RO0 SCREEN TRI-ROD SCREEN 
prolonged accuracy knife-tihe accuracy 


stebote 


GRIZZLY ROD WITH 
SKID ROO 
ruggedest accuracy 


BiIXBY-ZIMMER 
ENGINEERING COMPANY 
499 Abingdon Street, Galesburg, illinois 
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PROFESSIONAL SERVICES 








Listing Instructions 


Space limited to AIME members or to 
companies that hove ot least one mem- 
ber on their staffs. One inch, $50 per 
year; half inch, $30 per year, payable 
in advance. 














Alabama 


STILL & STILL 
Consulting Mining Engineers and 
Geologists 
24 Union Block — Phone 658 
P.O. Box 1512 
Prescott, Arizona 


KELLOGG EXPLORATION COMPANY 


Air, Ground Surveys and ‘Interpretation 
3301 No. Marengo, Altadena, Calif. 
Sycamore 4-1973 

















Arkansas 


CLAYTON T. MeNEIL, E. M. 
Consulting Mining Engineer 
822 Bank of America Bidg. 
Tel. GArfield 1-2948 
SAN FRANCISCO 4, CALIFORNIA 














COWIN & COMPANY, INC. 
Mining Engineers and Contractors 
Shoft & pe Linking Mine Development 

t Construction 


“ 1 of Street 
Birminghom, A Phone 56-5566 


RAPHAEL G. KAZMANN 
Consulting Ground-Water Engineer 
Stuttgart, Arkansas 








ASSAYS——Complete, accurate, guaran- 
teed. Highest quolity spectrographic. 
Only $5 per sample. 
cohhtD ENGINEERING 
— ve. 
at 1, Calif. 














KIRK & COWIN, INC. 
RALPH E. KIRK PERCY G. COWIN 
One ‘18th 8 Me wauken ii. Ale 
ne rm im le 
Pione: State estes 


California 











Aiaska 





ALASKA MINERAL CONSULTANTS 


P.O. Box 3686 Phone 69867 
(airmail) 


Anchorage, Alaska 


FAIRCHILD AERIAL SURVEYS, INC. 
Airborne Magnetometer & Gradiometer 
Surveys, Topographic Mapping, Aerial 
Photography, and Photographic Mosaics 
for Mining Exploration. 

224 E. 11th St. 30 Rockefeller Plaza 
Los Angeles New York 


Colorado 




















WILLIAM A. O'NEILL 
Registered 
Consulting Mining Engineer-Geologist 
Exploration-Valuation-Management 
Anchorage, Alaska 
Phone 47671 P.O. Box 2000 


FRANCIS H. FREDERICK 
Consulting Mining Geologist 
690 Market Street 
San Francisco 4, California 
Telephone: Sutter 1-1562 


BALL ASSOCIATES 
Oil, Gas and Minerals Consultants 
Douglas Ball S. Power Warren 


Offices 
C. A. Johnson Bidg. bs Foomant Ave. 
Denver, Colo. ton, D. C. 
ALpine 5-4878 “Ta ing ‘3-1979 














0. W. WALVOORD CO. 
Mill-Design and Construction 
301 Detroit St. Denver 6, Colo. 














Arizona 


Centennial Development Co., see Utah 
Diamond Core Drill Contractors, 
see Washington 


ABBOT A. HANKS, INC. 


ASSAYERS-CHEMISTS 
SPECTROGRAPHERS 
SHIPPERS REPRESENTATIVES 


1300 Sansome Street 
San Francisco ip California 
EXbrook 7-2464 


Connecticut 














THEODORE A. DODGE 
Consulting Mining Geologist 
635 North Third Ave. Tucson, Arizona 








ee ———— 
poe ne ag GEOEXPLORATION CO. 


Min oe, eee , Geenettonts & Contractors 
METER SURVEYS 

m & Evaluations 

Bee 5671, Tucson, Aris. Pu: MA 2-4202 


WARREN L. HOWES 
Consultant 
~~ }- Metallurgical Plants 
Research ign, construction, operations 


Project a 





1305 Hillview Dr enlo P pot. Colif. 
Tel. Raccioet 5-77 


JOHN F. MYERS 





c Iting Beneficiation Engineer 


2 Putnam Hill 
Greenwich, Conn. 

















GODFREY 8. WALKER 
Metallurgical Consultant 
Mineral Deas & Extractive 
tallurgy 
Heavy Media a Specialty 
33 Ballwood Road, Old Greenwich, Conn. 








CARLTON D. HULIN 
Mining Geology 
7 Ardilla Read Orinda, California 





THORP D. SAWYER 
Consulting Engineer 
Mining & Water Pro enantio, 


601 Valley Netionel Bidg. 
Tel. MAin 4-37 Tucson, Arizona 


District of Columbia 














CHARLES P. SEEL 
Min 











JACOBS ASSOCIATES 
Consulting Construction Engineers 


Spogietime in tunnel and shaft work 
Estimates — Methods Analyses — 


Fong uloge erin Rondling 


503 wath eng nine Seensiee 5, Calif. 








JOHN D. MORGAN, JR., E. M., PH. D. 
Consultant 
Business and Defense Problems 
in Metals, Minerals, and Fuels 
1001 Connecticut ety, 


ME 8-1681 — 
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APPRAISALS 

ASSAYERS e 
CHEMIST ° 
METALLURGICAL bd 





Ventilation Surveys 





CONSTRUCTION * 
CONSULTING ° 

DRILLING © 
REPORTS ° 


Mansey Building Washington 4, D.C. 








Florida 


HA . ATES 

Geologists — Engineers 

ae in Heavy Mane = 
ia’ inera 

P.O. Box 2432 Lakeland, Florida 








ALLEN T. COLE and ASSOCIATES 
Consultants — Industrial Minerals 
Phosphate, Barite, Minerals, 
ndustriol, sande 
2815 Cleveland Heights Bivd. 


Lakeland, Florida 
MUtual 9-9351 MUtual 3-9033 











Georgia 





BLANDFORD C. BURGESS 
Registered Professional Engineer 
Mining Consaltant 
Monticello, Georgia 








Indiana 


GEOLOGISTS 
GEOPHYSICISTS 
MANAGEMENT 

VALUATIONS 





DIAMOND CORE DRILLING 
BY CONTRA 
and werld’s largest manufacturer 


Core and grout hole in coal, 
metal, and non-metallic both 
surface and 


JOY MANUFACTURING CO. 
Contract Core Drill Division 
Michigan City, Indians 














DAVID panes a EVANS 


a icinientini 
214 Brows seer haces , 











Kentucky 


AND ASSOCIATES 
Civil and Mining Engineering Consultants 
United States and Foreign 
860 Porter Place Lexington, Ky. 








Maine 





G. F. COOPE 





Mining Engineer 
BLUE HILL, MAINE 











ALLEN & GARCIA COMPANY 


47 Years’ Service to the 
Coal and Salt Industries as Consultants, 
Constructing Engineers and Managers 
Authoritative Reports and Appraisals 
382 8. MICHIGAN AVE., CHICAGO 
120 WALL 8T., NEW YORK CITY 








JOHN F. MEISSNER ENGINEERS, INC. 
Consulting Engineers 
Conveyor Systems Storage Methods 

Crushi 


ing Plants Ship Loading Docks 
Materials Handling and 
Processing Plants 


308 W. Washingten St. Chicage 6, Ill. 








Massachusetts 








RAYMOND B. LADOO 
Consuiting Engineer—Iindustrial Minerals 
Deposit fecation. Exploration, Process 
Design, Mar Economics, Percent- 
on > Bepietion. 
42 Huntington Road Newton 58, Mass. 
Phone: (Boston) LAsell 7-1471 














H. L. TALBOT 
Consulting Metoliurgical Engineer 


Extraction and Refini 


of Base Metals 
Specializing in Cobalt and Copper 


Room 911, 209 Washington Street 
Boston 8, Mass. 








Weir C IN 


MINING ENGINEERS & GEOLOGISTS 
DESIGN & CONSTRUCTION 
INDUSTRIAL ENGINEERING 








Continued 
on 
Page 962 








DIRECTORY OF 
PROFESSIONAL 
SERVICES 


Alaska Mineral Goneuibante - 


lerce, . 
Pitkin, inc., Lucius 
aad. 


Schoentke, Howard bt 
seel, Charles P. ? 








See pages 962 and 963 
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PROFESSIONAL SERVICES CONTINUED 








New Jersey O'DONNELL & SCHMIDT 


Mining Congutogts — 
i 165 Broadwa e rclay 
For other items, tboux & COMPANY New York 6. N.Y. Cables: EXAMIMINES 
Chem Spectroscopists 
SHIPPERS R PRESENTATIVES 


Mine Examination Ana 
see 359 Alfred Ave. Teaneck, “a Jersey 























ae lll 
ef ~ 4 oxtr ti 
action 
pages 960 and 961 Minerals Beneficiation, =é & 
19 Pokahoe Dr., North Tarrytown, N. ¥. 
Phone ME 1-0810 


























LUCIUS PITKIN, 
New Mexico 


Minnesota 





N RTER ANDERSO! Cable pA 4 
cao Senet Rector 
xamii elopment—Pr io’ 
THERON G. GEROW , New 
P. O. Box 642 Tel. 159 























MINING CONSULTANT AND HARRY J. WOLF _ 


ENGINEER Mining and C 


inations—Voluations—Ma onl 
3033 Excelsior Bivd. 3 Glenwood St, Little Neck 63, N. ¥. 
Minneapolis 16, Minn. GEORGE R. LELAND cccle, MINEWOLF Tel. HUnter 2-7843 
Telephone: Walnut 2-8828 Ragistered | by meg examination 
U. sh. and Latin America 
P.O. Box 4146 Albuquerque, N.M. 
































E. J. LONGYEAR CO. DAVIDSON CHARLTON WYSOR 
Geological fo aswer J Consultants 


; les Enai 
76 South 8th Street Minneapolis, Minn, Geologist and Sales Engineer 
raybar Bldg. New York 17, N. Y. Fifty Church St. 
Weak. 3 5 oe. 9-3137 
77 York Street Tons y hy New York 7, N. Y. Digby 9- 


129 Ave. de Champs-Elysees. Paris, france 
Zeekont 35 "The Hague, Holland New York 

















aL LOOFROUROW Allen & Garcia Co., see Illinois 
R. LOOFBOUROW Min. Engr. Fairchild Aerial Surveys, 
site Testing — Plans — Estimates see California 
Underground Construction — Mining E. J. Longyeor Co., see Minnesota 
Mine Water Problems 


4032 Queen Ave. Se. Minneapolis 10, Minn. 





Ohio 











BEHRE DOLBEAR & COMPANY, INC. 
ABE W. MATHEWS ENGINEERING CO. sai 
Iron Ore Concentration Plants Geological, Mining and Metallurgical B. B. R. DRILLING CO. 
Materials Handling Systems Consultants National Road West 
Design and/or Construction 11 Broadway New York 4, N. Y. St. Clairsville, Ohio 
Hibbing Minnesota Diamond Core Drilling 
Contractors 
Mineral Foundation 
Cores Guaranteed Testing 
H. M. PICKERING 
Registered Professional Engineer GERAGHTY, MILLER & HICKOK 
Mining Consultant Consulting Ground-Water Geologists 
Evaluation of Ground-Water Supplies 
Truck Haulage & Crushing Plants Rocoumpendetiens ter the Solutton of 
302 E. 22nd, Hibbing, Minn. AM 3-5153 Ground-Water Problems 
110 East 42nd St. New York 17, N. Y. 









































Pennsylvania 








EAVENSON, AUCHMUTY & 


GREENWALD 
Missouri LEGGETTE, BRASHEARS & GRAHAM MINING ENGINEERS 


Consulting Ground-W ater wre ogists Mine Operation Consultants 
Salt W lems 
PHILIP L. JONES Somenaie 7 wks tangy Coal Property Valuations 


Recharging Reports 2320 Koppers Bldg. Pittsburgh 19, Pa. 
Mineral Economi 
wees (Economie & seers Praates 551 Fifth Avenue, New York 17, N. Y. 
405 Miners Bank Bidg. Joplin, Me. 
Tel. MAyfair 38-7161 
































GRAFF ENGINEERING 
ARNOLD H. MILLER INC. 


pawl COMPANY 
aii AMEDEE A. PEUGNET Mine, Mill and Industrial Investigations ; ‘ 
INEER Mining Engineers and Surveyors 


Im t Design and Recommendations 
Telephone MAIN 1-1431 Os le: eT ALMIL’ Tel. Cortlandt 7-0685 
705 Chestnut St. St. Louis 1, Mo. 120 Broadway New York 5, N. ¥. 39 E. Campbell St. Blairsville, Pa. 
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ROBERT S. MAYO 
Civil Engineer Lancaster, Pa. 
Specializing in Concrete Lining of 
Tunnels, Haulageways and Shafts. 
Special Equipment for Subaqueous 
Construction. 





GUY £. INGERSOLL 


R Professional E 

an Veap, Aplasan sat leur tee 
Mine'Excminations and Geelopical Reports 
5505 Timberwolf Drive Paso, Texas 


Washington 








pidon GORE DRILL Con YRacTors 


ee Bits — Celt 





Accessories 
R. S. MeCLINTOCK Di D DRILL Co. 














J. B. MORROW 
COAL CONSULTANT 
Oliver Bldg. Pittsburgh, Pa. 





HOWARD G. SCHOENIKE 
Consulting Mining Geologist 


Examination—Evaluation—Exploration 
Metallic and Nonmetallic Minerals 
Domestic—Foreign 


4039 Turnberry Cir. 
Tel.: MO 5-7079 Houston, Texas 





West Virginia 




















PENNSYLVANIA 
DRILLING COMPANY 


Subsurface Explorations. Grouting in- 

dustrial Water Supply. Mineral Pros- 

pecting Large Diameter Drilled Shafts 
Reports 

1205 Chertiers Ave., Pittsburgh 20, Pa. 





CONRAD WARD THOMAS 
Registered Professional Engineer 
COMPLETE MINING CONSULTING U.S. & FOREIGN 
Bank of the Southwest Bidg., Houston, Texas 


DIAMOND CORE DRILLING 
CONTRACTORS 
Testing Mineral Deposits 
Foundation Borings 
MOTT CORE DRILLING CO. 








Huntington, W. Va. 











Utah 











SPRAGUE & HENWOOD, Inc. 
SCRANTON 2, PA. 
Diamond Drill Contractors and 
Manufacturers 
Core borings for testing mineral 
deposits in any part of the world. 


BOOTH COMPANY, INC. 
Metallurgical & Chemical Engineers 
Research and Consulting 
Piant Operation and Testing 
333 W. 14th So. St. 

Salt Loke City 15, Uteh 


Canada 


E. J. Longyeer Co., see Minnesota 


J.B. BATEMAN 


Consulting Geologist 
80 Richmond St. W. 
Toronto 1, Cenede EMpire 4-3182 























J. W. WoomMer & ASSOCIATES 
Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 
Henry W. Oliver Bidg., Pittsburgh, Pa. 


CENTENNIAL DEVELOPMENT CO. 
Canis Mining Engineers 
Contractors 


Eureka, Utah 
Tucson, Arizona 


Eureka 560 
MAine 2-4202 


M. G. SMERCHANSKI 
Consulting Mining Geologist 
Registered Professional Engineer 
411 Childs Bidg. Winnipeg, Monitobe. 
Phone: Whitehall 2-6323 














Mexico 














Tennessee 








JAMES A. BARR 
Consulting Engineer 
Mt. Pleasant, Tennessee 


LOTTRIDGE-THOMAS 
& ASSOCIATES 


Professional Engineers 
705 Judge Building 
SALT LAKE CITY 11, UTAH 


STANLEY M. MOOS 
Mining Engineer 
SPECIALIST IN MEXICO AND 
CENTRAL er 


=m! Examinations 11 Design 
Economic Surveys ©@ Feasibility ae 
Acertaty 215 Mexico, 
“MOOS” Tel: 46-67-97 























c June Teeqeven 
onsu! Mining ineer 
Santord Day Rood 


Concord, Tennessee 








Texas 


PRODUCTION AND MANAGEMENT 
ALIST 


EMPIRE 383-5373 
ity 4, Utah 


WILLIAM J. reenter mR. 
Mine as 
Mexico and 





P. eee, OF. 




















BURBRIDGE—PYBURN 
Consulting Engineers & Geologists 
Mining—Petroleum 
Southwestern U. S. & Latin America 
Mills Bidg., El Paso, Texas Tel. KE 3-4741 








SHENON AND FULL 
“onfast "Gout 2800 ost 
Salt Lake City 8, Utah 


Telephone HUnter 4-725! 
Philip J. Shenon Roy P. Full 


Europe 


E. J. Longyeer Co., see Minnesota 


Southern Rhodesia 








DAVID C. SHARPSTONE 
MINING ENGINEER end GEOLOGIST 
So. Rhodesia 








Private Bag : T 199 Cables : Minexams 
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Allis-Chalmers 
Bert S. Gittins Adv., Inc. 


Allis-Chalmers 
Klau-Van Pietersom-Dunlap, Inc 


American Brattice Cloth Corp. 
Tri-State Adv. Co., Inc. 


American Cyanomid Co. 
James J. McMahon, Inc. 


American Manganese Steel Div. 
American Brake Shoe Co. 890, 
The Griswold-Eshleman Co. 


American Steel Foundries 
Erwin Wasey, Ruthrauff & Ryan, Inc. 


Anaconda Co., The 
Kenyon & Eckhardt, Inc. 


ASEA Electric, inc. 
Mann-Ellis, Inc. 


Atlas Copco 
John Mather Lupton Co. Inc. 


Bixby-Zimmer gaggeneeine Co. 
Arbingast, Becht and Assoc., Inc 


Coying | oye. Drilling Co. 
. Adamson & Assoc. 


Brunner & Lay 
Norman p," Hewitt Adv. 


Bucyrus-Erie Co. 850, 
Bert S. Gittins Adv. 


Carrier Conveyor Corp. 
-Anderson Adv. 


Cate «4 Tractor Co. 862, 888, 


Aver & Sons, Inc. 


Chain Belt Co. 
he Buchen Co. 


Colorado Fuel & Iron Corp., The 854, 
Doyle, Kitchen & McCormick, Inc. 


Deister Concentrator Co., Inc. 
Louis B. Wade, Inc. 


Denver Equipment Co. Third Cover 


Galen E. Broyles Co., Inc. 


Differential Steel Car Co. 
Blaco Adv. Agency 


Dorr- Stivers Inc. 


876, 877 
. M. Basford Co. 


Eimco Corp., The 879, 881 
Matsie Co. 


Equipment Engineers, Inc. 
orton M. Jacobs Adv. 


Ferro Corp., Porcelain Div 
Downing Industrial Adv., Inc 


Ford Motor Co. 
J. Walter Thompson, Ine. 


Advertisers Index 


Galigher Co., The 
. S. Adamson & Assoc. 


Gardner-Denver Co. 
The Buchen Co. 


General Electric Co., X-Ray Dept. 
Klau-Van Pietersom-Dunlap, Inc. 


Gruendler Crusher & Pulverizer Co. 
Christy Humburg Adv. 


Hardinge Co., Inc. 
dams Associates, Inc. 


Hercules Powder Co. (Explosives) 
Fuller & Smith & Ross, Inc. 


Humphreys Engineering Co. 
Ed M. Hunter & Co. 


Infilco, Inc. 
Willard G. Gregory & Co. 


Ingersoll-Rand Co. 857 
Beaumont, Heller & Sperling, Inc. 
Marsteller, Rickard, Gebhardt & Reed Inc. 


International Harvester Co 
Aubrey, Finlay, Marley, & Hodyg- 
son, Inc. 


International Nickel Co., The 
Marschalk & Pratt 


Jeffrey Mf 
The Grinooid- Eshleman Co. 


Joy Mfg. Co. 
Erwin Wasey, Ruthrauff & Ryan Inc., 
Walker Div. 


Kaiser Engineers 
L. C. Cole Co. Inc. 


Kennedy Van Saun Mfg. & Engrg. Com. 


obert S. Kampmann, Jr., 


KW-Dart Truck Co. 
Carl Lawson Adv. 


Longyeer Co., E. J. 
geon Savage & Lewis, Inc. 


Marion Power Shovel Co. 
The Jay H. Maish Co. 


Mace Co. 


Center Inc. 
. Adamson & Assoc 


Machine 
Magor Car Corp. 
Bauer Advertising 


Mayo Tunnel & Mine Equipment 
The Godfrey Agency 


Michigan Chemical Corp. 
ves, Shaw & Ring Inc. 


Mine & Smelter Supply Co. 884 
Walter L. Schump, Adv. 


Mine B eis Appliances Co. Fourth Cover 
etchum, MacLeod & Grove, Inc. 


Nagle Pumps, Inc. 
Tri-State Adv. Co., Inc. 


Wetlenst Iron Co. 
H. E. Westmoreland, Inc. 
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National Malleable & net Castings Co. 
alm & Patterson Inc. 


Naylor Pipe Co. 
Fred H. Ebersold, Inc. 


Nendbeve *~ Co. 
Russell T. Gray, Inc. 


Northern Blower Co. 
Carr Liggett Adv., Inc 


Oldsmobile Div. 
General Motors Corp. 
D. P. Brother & Co 


e Refining Corp. 


Phelps 
The House of J. Hayden Twiss, Inc. 


Sanford-Day tron Works, Inc 
Charles S. Kane Co. 


870,871 


Sheffield Div. 
ARMCO Steel Corp. 
Potts - Woodbury, Inc. 


Smidth & Co., F. L. 
The Stuart Co. 


Spencer Chemical Co. 
Bruce B. Brewer & Co. 


Sprague & Henwood, Inc. 
Anthracite Adv. 


Stearns-Roger Mfg. Co. 
Mosher-Reimer-Williamson Adv. 
Agency, Inc. 


Syntron Co. 
Servad, Inc. 


Texas Gulf Sulphur Co. 
Sanger-Funnell, Inc. 


Traylor Engrg. & Mfg. Co. 
Ritter-Lieberman, Inc. 


Voter Co., Ss. 
The Grinsoid- Eshleman Co. 


Vulcan tron Works 
Mosher-Reimer-Williamson Adv. 
Agency Inc. 


Western-Knapp Engineering Co. 
Westcott-Frye & Assoc. 


Western Machinery Co. 
Westcott-Frye & Assoc. 


Wheel RL Tool Co. 
k & Bobertz, Inc. 


wary, 2 & Sone, Inc., A. R. Second Cover 


Hunter & Co. 


Wilkinson Process Rubber Co., Ltd., The 
Greenlys Ltd. 





Head MILLS 


When you compare specifications Proper Size and Type of Grinding Mill Starts 


point by point, we are sure you will 


agree with all those who in recent with DENVER Grinding Test Service 


months have specified DENVER over 
all other mills. You get 

@ MORE CAPACITY No cost to you for this preliminary test service! 

© GREATER STRENGTH 

© LONGER SERVICE LIFE We will tell you the exact size of mill you require, mill 
NOW — sizes up to 10’ dia. (inside liners) by ° e . - 
teen: Chey dese ol Chak dies Maan cost, power requirements, mill production and proper size 
nese steel is standard, other alloys available. of auxiliary equipment. 

Send 25 or 50 lb. sample of material prepaid to Denver 
Testing Laboratory, 1755 Blake St., Denver, Colo., for your 
preliminary test. 
= There is no charge to you for this service and informa- 
CAST STEEL HEADS — DENVER tion from this test will help you in your decision. 

Mills have cast steel heads — many 
times stronger than cast iron. Why 


risk head or trunnion breakage? 
Shells are heavy welded steel plate. 




















MORE CAPACITY — Working diam- 
eter is determined by measuring 
inside new liners—not inside the 
mill shell. You get more grinding 
capacity for your investment. 





lle 

PINION BEARINGS are self-align- 
ing, anti-friction type, in cartridge 
type carriers and mounted in one- 
piece housing which is bolted to 
adjustable trunnion sole plate for 
perfect, permanent alignment of 
gear and pinion. 


EQUIPMENT 
COMPANY 


TRUNNION BEARINGS are ball Phone CHerry 4-4466 
and socket type, sealed to exclude 
dust, with continuous lubrication 
from oil reservoir in base. 











Now—more light, less weight, longer life wit 


INE. W cpisoN MODEL $ ELECTRIC CAP LAMP 


MSA announces another new high in lighting 
efficiency in the world’s most popular cap lamp. 
Increased light output of the new Edison Model 
S Lamp assures greater safety for the miner, 
more tons per shift for the operator. Let’s face 
a fact: Dimness costs money. Fair lighting does 
only a fair job. Maximum lighting—the bril- 
liant, unfailing Edison Model S kind—helps 
get jobs done with top speed and safety. And 


the simplified method of charging new Model 
S Batteries—with the AUTOMATIC LOW- 
VOLTAGE SYSTEM— is convenient, thrifty 
and highly efficient. Lets miners take their lamps 
and rack them—quickly—without loss of time 
or waste motion. When planning a new lamp- 
house installation or modernizing your present 
one, call in the MSA Representative. MSA can 
help you solve your lighting problems. 


MINE SAFETY APPLIANCES COMPANY * 201 North Braddock Avenue, Pittsburgh 8, Pennsylvania 
MINE SAFETY APPLIANCES CO. OF CANADA, LIMITED © Toronto, Calgary, Edmonton, Montreal, Sydney, Vancouver, Winnipeg 


Newly issued U.S. Bureau 
of Mines Approval 6D-31, 
April 16, 1959. 


MINE SAFETY APPLIANCES CO. de MEXICO, S.A. de C.V. + Mexico 4, D.F., Mexico 


Increase in working light appeals 
to me. This new Edison Model S 
gives 15% more than we ever had 
before. And they didn't cut 


Just watch the improvement in 
our safety and tonnage reports. 
More light. Less weight. Longer 


Look how small the life. Even the battery’s better. 


headpiece is. Weighs 
only a few ounces. 
Feels even lighter 
on the head. You get 
a clear, sharp spot 
every time. 


their bulb service life rating 

to do it. The double filament 
bulb means we'll always have 
working light to finish the 

shift. Each filament of the 
Edison Model S krypton-gas— 


needs with this one. 


filled bulb has a 400—hour 
designed life. 


It has a new active material 
that boosts service life. They 
went all—out to meet the miner’s 








